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Revised  Charts  6.O3  and  6.0U  are  attached  to  replace  the  charts 
contained  In  the  report.  The  curves  in  the  original  charts  were  based 
on  elementary  considerations  that  yield  resu:.ts  now  found  to  be  non¬ 
conservative  under  some  circumstances.  The  revised  curves  are  obtained 
with  the  use  of  a  somewhat  more  sophisticated  arialysis. 

The"  revised  curves  are  calctilated  with  the  use  of  information 
available  in  a  report  by  Spielberg  and  Durieer.'  In  particular,  they 
are  based  upon  dose  rate  curves  for  neutrons  incident  at  various  angles 
upon  material  designated  as  "Rio>"  which  is  representative  of  ordinary 
concrete  and  generally  of  most  earth  with  a  acisture  content  of  about 
lOj  by  weight.  (They  are  conservative  if  the  water  content  is  higher, 
but  err  in  the  non-conservative  direction  if  the  water  content  is  lower.) 
The  data  from  Spielberg  and  Duneer  must  be  wei^ted  by  the  proportion  of 
neutrons  which  are  incident  on  the  barrier  at  various  angles  to  the 
normal.  Since  the  data  in  Spielberg  tund  Duneer  are  given  for  angles  of 
incidence  of  0°,  20°,  U50,  and  75°,  some  asracptions  must  be  made  as  to 
the  assignment  of  the  percentage  of  incident  neutrons  to  each  of  these 
directional  groups,  for  the  two  cases  of  "nornal”  and  "grazing”  line  of 
sight.  The  discussion  in  Section  5.0U  gives  some  information  relative 
to  this  assignment,  but  judgment  must  be  enp^cyed  also.  The  assumed 
angular  distributions,  applicable  to  both  2.5  MeV  and  l4  MeV  neutrons, 
are  as  follows: 
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The  curves  are  normalized  to  an  incident  fi:uc  of  1  neutron/cn-  sec. 
by  using  as  a  reference  the  dose  in  rads  for  aa.  integrated  flux  of  one 


D.  Spielberg  and  A.  Duneer,  "Dose  Attenuatica  by  Soils'and  Concrete  for 
Broad,  Parallel-.Beam.  Neutron  Sources,"  AEC  Iccument  Ali-lOS.  Associ  ated 
Nucleonics,  Inc.  (May  1,-  1958)* 
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neutron/omT*  as  given  in  Table  2.2  of  Spielberg  and  Duneer.  This  should 
give  conBt'rvutive  results,  since  the  flxix  incident  on  the  slab  is  not 
the  sumo  as  ^be  total  flux  Just  above  the  slab:  the  latter  Includes 
also  'the  dose  rate  reflected  from  the  slab.  This  cop.se;: vatism  is  desir¬ 
able  bet-'ouse  of  uncertainties  in  the  accuracy  of  Spielberg  and  Puneer's 
csdculatlona;  -^ .  , , 

••  4 

tt  Is  to  be  noted  that  the  resulting  curves  are  not  hi^ly  dependent 
upon  thf"  direction  of  the  line  of  si^t. 

ThP  reader  should  be  advised  that  the  illustrative  example  given 
in  Chapter  9  of  the  basic  report  uses  the  data  from  the  original  curves 
in  Charts  6.03  3-od  6.0I4,  and  are  incorrect  to  that  extent.  The  methods 
employed,  however,  are  unchanged. 
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rcSMrcIi  My  provide  e  better  betls  for  the  selecttoM  of  recoMoended  velwee 
of  huMO  tol«rencet. 

It  he*  been  e«sueed  that  those  who  will  use  this  report  are 
faBtllar  with  the  following  publications;  "Effect  of  Nuclear  Weapons", 

U.  S.  CovernMnt  Printing  Office;  "Design  of  Structures  to  Iteelst 
Nuclear  Weapons",  ASCE  Honual  No.  42  and  "Design  and  Review  of  Structures 
for  Protection  from  Fellout  Csewi  Radiation,  1  Oct.  1961". 

CONTENTS  OF  REPORT 

In  order  to  establish  the  general  frasMwork  within  which  the 
project  proceeded  and  to  state  the  general  factors  affecting  the  approach, 
the  solutions,  and  the  llaltatlons.  Chapter  1,  "Basic  Design  Considerations", 
discusses  the  standards  of  protection,  the  tolerances  of  huoMns  in  a 
shelter,  the  Influence  of  local  ordinances  and/or  codes,  and  the  role 
of  shelter  Mnagewent  and  operational  procedures. 

The  objective  of  Chapter  2,  "Shelter  Entrance  Systeais",  Is 
to  state  the  specific  assuwptlons  nade  In  relation  to  the  shelter  entrance 
systeei.  Included  herein  are  discussions  of  the  alaeients  of  entrance 
systeas,  Che  Influence  of  depth  of  structure  relative,  to  the  outside 
grade,  the  dependence  or  Ingress  traffic  rates,  and  the  operational 
concept  of  the  door  closure  as  It  affects  the  design. 

The  objective  of  Chapter  3,  ’’OisMnslons  and  CeoMtry  of  Entrance 
Systews",  Is  to  establish  a  range  of  recoMSMnded  diaenslons  of  the  systea 
elewents  and  to  catalog  the*  in  a  convenient  forMt.  A  nuaber  of 
aitarnata  geoMtrles  are  presented. 

In  Chapter  4,  "Ventilation  Systeas",  the  objective  Is  to  state 
and  discuss  the  specific  assuaptlons  Mde  In  relation  to  the  ventilating 
systea.  Included  are  discussions  of  the  elaaents  of  the  ventilation 
systea,  intaka  and  exhaust  structures,  the  effect  of  the  location  of 
eaergoncy  power  supply,  and  blast  valves. 

Chapter  S,  "Effects  Input  Data",  presents  the  weapons  effects 
paraaeters  pertinent  to  the  problea  of  the  design  of  entrance  and 
ventilation  structures  appurtenant  to  a  50>psl  shelter. 

In  Chapter  6,  "Radiation  Shielding  Design  Paresieters",  and 
Chapter  7,  "Blast  Resistant  Design  ParaMters",  are  presented  the 
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FOREWORD 


Th«  work  undertaken  on  this  contrect  pertains  primarily  to 
the  exploration  of  low-cost  protection  of  shelter  openings  against 
blast  and  associated  thersMl  and  nuclear  radiation,  esiphaslzlng 
protection  for  SO  ps!  for  all  weapon  yields  and  the  associated  affects 
for  1  HT.  The  entrance  structures  considered  ara  of  a  general  nature 
appropriate  to  burled  structures  In  general  rather  than  to  a 
particular  structure.  The  end  result  Is  an  example  solution  to  an 
assumed  entrance  situation. 

It  will  be  noted  throughout  the  report  that  there  is  con- 
siderable  discussion  of  the  interaction  between  the  shelter  entrance 
and  various  other  shelter  systems.  It  Is  virtually  Impossible  to 
design  a  shelter  entrance  without  considering  the  Influence  of  the 
shelter  proper. 

The  protection  of  shelter  openings  has  been  restricted  to 
their  architectural  configurations  and  the  structural  and  mechanical 
elements  between  the  ground  surface  and  the  enclosing  structural  shell 
of  burled  shelters.  These  elements  Include  the  transition  clcaMint  at 
the  surface,  the  depth  element  to  permit  movement  from  one  depth  to 
another,  the  corridor  element  (to  serve  as  a  passageway  and  to  reduce 
the  blast  and  radiation  intensity),  optional  interlock  element,  the 
blast  exclusion  element  (door)  and  the  transition  element  between  ^ha 
entrance  structure  and  the  envelope  of  the  shelter  proper.  These 
elements  are  considered  separately  In  order  that  various  conditions  aMy 
be  satisfied,  such  as.  ground  terrain  conditions;  the  location  rf  the 
shelter,  i.e..  buried,  semi-buried,  or  surface  covered;  side  or  end 
access  to  the  shelter  proper;  shelter  shape  configuration;  etc. 

In  order  to  accoc&plish  the  objective  of  this  project.  It  has 
been  necessary  to  establish  or  to  assume  certain  design  criteria  and 
standards.  While  soma  of  these,  such  as  flow  rate  of  personnel  into 
shelter  are  s jbstant lated  by  orevlous  tests,  it  is  emphasized  that 
others  such  as  human  radiation  tolerances  are  not  to  be  considered  as 
recommended  or  prescribed  allowables.  The  values  used  In  this  report 
wars  assumed  in  order  to  present  a  quantitativa  example.  Subsequent 
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design  criteria,  the  resistance  expressions  and  the  charts  developed 
to  design  various  eleaents  of  an  entrance  systeei.  The  design  charts 
cover  a  range  of  conditions  so  that  one  can  select  eleaMnts  of  a 
particular  strength  or  capacity  to  synthesize  theai  Into  a  design  to 
Meet  given  contfltfon*. 

Chapter  8,  **Design  Procedure",  Is  based  on  the  aiaterlal  In 
the  preceding  chapters.  It  Includes  a  general  design  procedure  that  Is 
followed  In  Chapter  9. 

An  exaaple  design  solution  utilizing  the  charts  and  procedures 
developed  In  the  preceding  chapters  Is  presented  In  Chapter  9, 

"Illustrative  Design  Exaaiple". 
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OlAfTER  1.  ISAS  1C  DESIGN  CONSIDERATIONS 

1.01  IRTRODUaiON 

Aa  In  all  othar  engineering  probleias,  the  engineer  Involved  In 
the  design  of  protectiv*  construction  wants  to  achieve  •  balancnw  design. 

In  Its  sinplest  expression  balanced  design  liaplles  a  "one-hoss  shay"  con* 
cept;  that  IS(  the  structure  perfonas  each  of  Its  design  functions  equally 
well  and  there  Is  no  weak  link.  In  protective  construction*  this  would 
Imply  that  the  occupants  of  the  structure  are  protected  to  an  equal  degree 
against  all  of  the  effects  of  nuclear  weapons*  I.e.*  that  the  occupants 
are  not  subjected  to  lethal  doses  of  radiation  In  a  structure  tdilch  Is 
adequate  to  protect  them  from  blast  and  vice  versa. 

Implicit  In  any  design  are  two  general  conditions*  (1)  the  Input 
or  loading  conditions  and  (2)  the  limiting  or  tolerable  conditions.  While 
these  t»o  conditions  are  present  In  conventional  design*  the  problem  Is  much 
aiore  complex  for  protective  shelter  design.  It  Is  Imperative  that  the 
designer  understand  this  distinction. 

The  situation  as  far  as  protective  shelters  Is  concerned  may  be 
suBOMrlzed  as  follows: 

1.  Input  (loading)  conditions.  Doth  the  bla^t  and  the  radiation 
Inten-lty  vary  Independently  with  weapon  yield*  range  and 
height  of  burst.  Thus  all  must  be  specified  es  well  as  othar 
factors. 

2.  Limiting  (tolerable)  conditions.  The  occupant  Is  protected 
against  structural  collapse  by  specifying  a  limiting  deflec¬ 
tion  and  against  an  excessive  amount  of  radiation  by  specifying 
a  limit  of  exposure  In  rads.  The  relative  physiological 
effect  upon  the  occupants  of  exceeding  each  of  these  limits  It 
not  the  saaw. 

While  the  Input  ar..'./or  Uniting  conditions  may  change  es  a  result 
of  advances  In  weapon  technology  and  delivery  capability  and  of  further 
physiological  research*  the  general  design  procedures  presented  herein  are 
still  applicable.  The  structure  obviously  Is  dependent  upon  the  assumed 
Input  and  limiting  conditions. 
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Therefore,  It  Is  the  purpose  of  this  chepter  and  Appendix  A  to 
discuss  In  soiee  detail  the  significance  of  these  varying  conditions  In  order 
to  place  the  overall  probleai  In  proper  perspective,  and  to  discuss  the 
Influence  of  local  codes  and  shelter  oanagement  on  the  design  probleau 

1.02  STANDARDS  OF  PROTECTION 

1)  Factors  In  Balanced  Design 

(a)  Variation  In  Effects  with  Yield.  Table  I.OI  and  Fig.  1.01 
Indicate  the  prompt  nuclear  radiation  associated  with  various  s!de-on  over¬ 
pressures  from  various  yields  of  weapons.  These  calculations  are  based  on 
the  assumption  of  low  air  bursts.  The  table  Is  Included  only  to  Illustrate 
the  well-known  fact  that  the  ranges  of  the  various  effects  do  not  vary  In 
the  same  way  with  weapon  yield.  Therefore,  the  first  most  obvTous  problem 
encountered  Is  that  a  shelter  can  be  balanced.  In  the  sense  defined  ibove, 
only  for  one  weapon  yield. 

It  has  generally  been  the  practice  to  specify  an  overpressure  level 
for  design  purposes  and  then  to  design  radiation  protection  for  the  worst 
possible  Intensities  of  preempt  gaimta  and  neutron  radiation  associated  with 
that  overpressure  level.  Since  the  prompt  radiation  at  a  given  pressure 
level  varies  with  weapon  yield,  being  higher  for  lower  weapon  yields,  unless 
acme  yield  Is  specified  this  requirement  results  In  the  prompt  radiation 
controlling  the  design.  Of  course.  If  the  design  specification  had  been 
to  design  for  a  given  radiation  Intensity,  the  overpressure  would  control 
the  design. 

To  ellalnata  this  ambiguity  It  Is  necessary  to  specify  a  weapon 
yield.  It  Is  apparent  from  Table  1.01  that  the  lower  the  weapon  yield  tha 
higher  the  Intensity  of  associated  prompt  nuclear  radiation  at  any  given 
pressure  level.  Thus  from  the  standpoint  of  radiation  protection  It  Is 
logical  to  choose  as  low  a  weapon  yield  as  Is  reasonable.  However,  In 
terms  of  a  mass  shelter  program  and  the  yields  of  weapons  available  today. 

It  Is  not  generally  reasonable  to  consider  weapon  yields  of  less  than  one 
megaton.. 

This  selection  does  not  eliminate  the  basic  problem,  of  course; 
the  structure  Is  still  not  "balanced”  to  protect  equally  well  from  all  weapon 
yields.  However,  such  a  structure  will  withstand  all  of  the  effects  of  a 
larger  yield  weapon  at  a  range  which  Is  proportional  to  tha  Cuba  root  of 
tha  higher  yield. 
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That  If,  R,;  U  >  1  MT 

where  R^^j  ■  range  of  specified  overpressure  fro«  weapon  yield  of  W 
awgatons,  ft. 

W  -  weapon  yield,  MT 

R|  “  range  of  specified  overpressure  from  1  KT  weapon,  ft. 

The  above  fonaulatlon  Is  posslb'^e  because  the  overpressure 
criterion  will  govern  for  larger  yield  weapons. 

A  sletlar  fonaulatlon  for  lower  yields  of  weapons  Is  not  so 
simple  because  both  prompt  gamaut  and  neutron  radiation  are  Involved  and 
these  two  forms  of  radiation  do  not  scale  In  the  *»me  way. 

vb'  Influence  of  Criteria.  The  criteria  used  to  design  for 
protection  ag'^ir.st  the  various  effects  of  nuclear  weapons  has  a  bearing  on 
the  question  of  balanced  design. 

There  are  atany  uncertainties  Involved  In  the  design  of  structures 
to  resist  ths  blast  from  a  nuclear  weapon  as  well  as  auny  known  variables 
Including  those  of  loading,  response  mode,  Mterlals  properties,  etc.  If 
the  current  concepts  of  blast  resistant  design  are  employed,  no  factor  of 
safety,  as  such.  Is  used.  The  structure  Is  designed  to  permit  some 
"allowable"  plastic  deformation  which  has  been  established  as  being 
acceptable  in  the  sense  that  the  structure,  though  It  may  be  damaged,  has 
served  Its  Intended  function;  I.e.,  It  has  protected  Its  occupants  against 
the  blast  effects  of  the  weapon.  In  the  general  case  for  large  yield 
weapons  the  theoretical  collapse  load  Is  only  slightly  larger  than  that 
required  to  produce  the  "allowable"  plastic  deformation. 

in  the  case  of  design  for  protection  against  prompt  and  residual 
nuclear  radiation,  the  design  criterion  Is  some  "allowable"  dose  Inside 
the  structure.  This  dose  Is  generally  much  less  than  half  the  median 
lethal  dose. 

Since  the  uncertainties  Involved  In  the  design  for  protection 
against  blast  and  radiation  are  probably  of  the  same  order.  It  seems  clear 
that  the  consequences  of  exceeding  the  criteria  In  each  case  are  not 
comparable.  For  purposes  of  discussion,  assume  that  the  collapse  load  of 
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a  structure  can  be  predicted  withtn  a  factor  of  2  and  that  the  radiation 
protection  afforded  by  the  saatc  structure  can  be  predicted  with  the  sane 
accuracy.  The  consequences  of  exceeding  the  allowable  dose  by  a  factor  of 
1  are  serious,  but  ttot  nearly  as  potentially  catastrophic  to  the  occupants 
as  the  consequences  of  exceeding  the  true  collapse  load  of  the  structure. 

The  fact  that  there  are  genetic  as  well  as  sonst-lc  consequences  of  a  slgnlft' 
cant  radiation  dose  can  be  used  to  Justify  tha  difference  In  the  criteria. 
However,  the  fact  does  re«aln  that  the  question  of  vdiat  constitutes  a 
balanced  design  Is  affected  by  the  design  criteria  used. 

The  purpose  of  the  above  discussion  Is  not  to  challenge  currant 
criteria  but  slaply  to  tunphaslze  that  these  criteria  do  have  a  bearing  on 
the  question  of  balanced  design.  What  appears  to  be  a  balanced  design  My 
'x>t  be  balanced  In  term  of  the  consequences  to  occupants  froa  exceeding  the 
physiological  criteria  established. 

(c)  Effect  of  Orientation  on  Protection.  Another  aspect  of 
the  proble*  of  "balanced  design"  liwolves  the  effect  of  weapon-target 
orientation  on  the  protection  factor  which  one  cooputes  for  prompt  nuclear 
radiation.  In  general,  the  structure  Is  designed  to  withstand  the  blast 
coming  froa  any  direction;  however,  because  the  protection  factor  varies 
significantly  with  orientation  for  a  given  structure,  the  radiation  shielding 
design  Is  aost  often  based  on  the  worst  case,  or,  what  Is  believed  to  be 
the  worst  case.  As  a  consequence  of  this  approach,  the  probability  that  the 
shelter  occupants  will  be  subjected  to  a  proapt  dose  In  excess  of  the  "allowabli 
Is  lest  than  the  probability  that  the  structure  will  be  subjected  to  a  peak 
overpressure  In  excess  of  the  design  peak  overpressure. 

Although  this  docuieent  deals  with  the  design  of  entrance  structures, 
the  effect  of  orientation  can  be  *1  lustrated  aost  simply  by  consideration 
of  a  rectangular  structure  whose  roof  slab  Is  flush  with  the  ground  surface 
(See  Fig.  1.02).  The  worst  case  for  this  structure  Is  a  burst  directly 
overhead.  Since  the  solid  angle  fraction  through  which  the  radiation  Is 
being  received  Is  relatively  large  for  practical  structures,  the  reduction 
factor  Is  due  primarily  to  barrier  attenuation. 

Assume  that  the  structure  Is  designed  to  withstand  50  pst  peak 
overpressure  froa  a  I  MT  weapon  and  asso'  lated  prompt  nuclear  radiation. 
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Fro«  Ftg.  3.67«  of  Ref.  1.01*  It  !s  apparent  that  the  range  at  Mhich  the 
50  psi  overpressure  level  exists  varies  only  slightly  with  height  of  burst  . 
up  to  a  height  of  about  5*000  ft.  Above  that  height  of  burst  the  range 
decreases  rapidly  with  height* 

The  free-fleld  proapt  nuclear  radiation  associated  with  the  range 
of  SO  psI  for  a  low  air  burst  Is  as  Indicated  In  Table  1.0*: 

PiXMpt  Gaiaaia  43,600  rads 

Proaipt  Neutrons  4*400  rads 

Because  the  values  In  Table  1.01  are  based  on  a  low  air  burst  and  an  air 
density  of  nine-tenths  of  ataospherlc  density  at  sea  level  under  standard 
conditions,  approximately  the  ssm  Intensities  of  proapt  gasau  and  neutron 
radiation  may  be  expected  at  the  saaw  slant  range  (4*600  ft.)  up  to  a  height 
of  burst  of  4,600  ft.  Froai  the  standpoint  of  prompt  nuclear  radiation,  the 
worst  case  for  this  shelter  would  be  a  burst  directly  overhead.  The  mass 
thickness  required  to  reduce  tha  prompt  dose  to  soaw  "allowable"  doso  atay 
be  determined  by  the  sMthod  outlined  in  Ref.  1.02.  For  purposes  of 
Illustration,  If  20  rads  Is  assumed  to  be  an  "allowable"  shelter  dose  of 
prompt  nuclear  radiation*  a  mass  thickness  of  about  700  psf  Is  required 
when  the  weapon  Is  detonated  directly  overhead.  Tha  same  mass  thickness 
overhead  would  reduce  the  prompt  dose  to  lass  than  1  rad  IT  the  weapon 
were  detonated  such  that  a  line  from  the  canter  of  the  structure  to  the 
point  of  burst  were  45°  from  the  vertical.  In  fact*  It  can  be  shown  that 
for  the  45°  orientation*  the  weapon  would  have  to  ba  datonatad  within 
2*330  ft.  of  the  shelter  to  exceed  20  rads  Inside  the  structure. 

The  purpose  of  the  preceding  discussion  Is  to  demonstrate  the 
significance  of  orlentetlon  on  the  range  at  which  a  given  structure  will 
ba  able  to  protect  Its  occupants  against  the  two  primary  affects  of 
Interest*  I.e.*  blast  and  prompt  nuclear  radiation. 

If  the  weaF>on  were  detonated  at  an  altitude  of  2*330  ft.*  the 
range  within  ahich  the  weapon  must  fall  to  exceed  the  design  overpressure 
on  the  structure  Is  about  4,600  or  4*700  ft.  However*  the  range  within 
which  the  same  weapon  axjst  fall  to  exceed  the  "alloweble"  prompt  radiation 
dose  Inside  Is  about  half  that  distance.  That  Is*  for  a  height  of  burst 
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of  2,330  ft.,  t^e  ovorpressur*  on  the  structure  will  exceed  200  psi  before 
the  "ellowoble"  prompt  radiation  dose  would  be  reached  Inside  the  shelter. 

This  raises  the  basic  question  about  the  probability  of  obtaining 
the  worst  case. 

ItowBver,  before  discussing  generat  probability  consideration.  It 
should  be  noted  that  as  far  as  the  occupants  of  the  shelter  are  concerned  the 
Important  factor  Is  the  total  radiation  dose  that  they  receive,  regardless 
of  how  It  Is  received,  I.e.,  through  the  shelter  proper,  through  the 
entrance  system  or  through  a  combination  of  the  two.  Thus,  the  worst  case 
of  orientation  for  the  shelter  entranceway  will  not  simultaneously  be  the 
worst  case  for  the  shelter  proper  In  aost  cases. 

2)  Considerations  of  Probability.  To  Investigate  the  probability 
of  a  given  event  (e.g.,  the  probability  of  exceeding  some  overpressure  at 
the  structure)  In  the  most  unsophisticated  fashion  requires  knowledge  of  at 
least  three  paraowters: 

a.  The  location  of  the  designated  ground  zero  (DGZ),  I.e., 
aiming  point; 

b.  The  aiming  error  In  the  weapon  system  assumed; 

c.  The  range  of  some  specified  daa»age  criterion  (This  In  general 
requires  knowledge  of  the  yield  of  the  weapon  to  be  employed). 

When  the  target  analysis  Is  being  conducted  from  the  defensive  standpoint 
the  analyst  does  not  have  control  over  any  of  these  variables.  Yet  a 
probability  study  can  be  Informative. 

With  regard  to  the  first  parameter  a»entIoned,  I.e.,  the  location 
of  ground  zero.  It  Is  not  reasonable  to  assume  that  the  shelter  under 
cons  I  derat I''n  Is  a  target,  per  se.  That  Is  to  say.  It  Is  not  reasonable  to 
assume  that  It  Is  at  the  DGZ.  A  more  reasonable  assumption  for  the  case  of 
a  shelter  for  the  general  population  Is  that  a  typical  shelter  1$  at  some 
distance  from  the  DGZ.  On  the  other  hand.  It  Is  not  reasonable  to  assume 
that  the  shelter  Is  too  far  from  the  DGZ  prltsarlly  because  there  Is  no  need 
to  provide  a  shelter  which  will  withstand  50  psI  and  associated  close-in 
effects  to  serve  a  population  located  at  a  great  distance  from  a  reasonable 
target  area  (e.g.,  a  critical  military  Installation  or  a  lujor  population 
center) . 
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A  wore  sophlstTceted  approach  would  requfre  a  study  of  a  complex 
of  shelters  distributed  In  various  patterns;  l.e.*  various  models  of 
population  and  thus  shelter  distributions  would  be  required.  However,  the 
basic  Ideas  Involved  can  be  obtained  from  a  study  of  one  shelter  entrance 
as  is  shown  Fn  AppendFx  A. 

From  such  a  it  is  apparent  that.  In  the  general  case,  the 

psobabiilty  of  the  worst  case  orientation  for  prompt  nuclear  radiation  I* 
small  compared  to  the  probability  that  the  structure  will  be  subjected 
to  the  design  overpressure  under  the  same  set  of  conditions.  Further, 
because  the  range  of  varlou*.  effects  do  not  vary  In  the  same  way  with 
weapon  yield  and  height  of  burst.  It  can  be  seen  that  a  different  "balance” 
would  be  required  for  each  set  of  design  assumptions.  Therefore,  a 
"balanced  design"  In  the  strict  sense  Is  not  possible. 

3)  Recommended  Procedure.  In  view  of  the  dilemma  posed  by  the 
preceding  considerations,  the  following  procedure  Is  recommended: 

a.  Determine  the  worst  case  orientation  for  prompt  nuclear 
radiation  from  the  architectural  configuration  of  the 
entrancewey.  It  Is  possible  to  do  this  In  most  cases 
without  too  much  calculation. 

b.  Determine  how  far  away  the  weapon  must  be  detonated  to 
produce  the  design  overpressure  on  the  surface  of  the  ground 
at  or  near  the  structure  for  that  specific  orientation. 

c.  Calculete  the  preempt  nuclear  radiation  at  the  slant  range 
determined  by  step  b. 

Although  this  procedure  does  not  "balance"  the  design.  It  does 
provide  a  rational  approach  to  the  problem  which  will  result  In  a  logical 
solution. 

1.03  HUMAN  TOLERANCES 

0  Blast .  Recent  research  on  mortality  In  small  animals 
subjecteS^4t>  sharply  rising  overpressures  (Ref.  1.03)  has  revised  somewhat 
the  estlMte  of  the  effects  of  overpressure  on  human  beings.  A  summary  of 
the  data  Included  In  Ref.  1.03  Is  tabulated  below. 
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p(aax)  psl 

side-oa  or  reflected 

Probable  Biological  Effect 

S-45 

I-09X  eardruM  rupture 

15-25 

Threshold  of  lung  hetaorrhage 

35-6S 

1-99X  Mortality 

Tha  latter  t»«  pressure  ranget  apply  only  to  sharply  rising  pressure  of 
"long"  (>  400  ascc)  duration. 

Tha  sidc-on  ovarpressura  level  for  which  tha  shelter  under  con¬ 
sideration  Is  designed  Is  presuoed  to  he  50  psi  vdilch  I»  about  the  aadlan 
lethal  overpressure.  Therefore,  It  Is  apparent  that  blast  closure  devices 
Bust  be  Installed  In  all  openings  leading  Into  the  structure.  Leakage  of 
gas  at  high  pressure  through  cracks,  etc,,  around  such  closure  devices  Might 
occur.  The  pressure  rise  Inslda  the  shelter  would  not  be  sharp;  however, 
tha  BaxIoBUM  pressure  In  tha  structure  awst  be  kept  to  less  than  approxiMately 
10  psl  to  prevent  excessive  eardrun  daatsge  and  secondary  blast  danage  to 
personnel  by  their  being  knocked  about  Insfda  the  shelter. 

Althoagh  this  report  does  not  deal  with  the  design  of  the  shelter 
proper.  It  It  noted  In  passing  that  a  asoxlawo  overpressure  of  5  psl,  even 
thou^  It  Is  Bot  applied  as  a  shock,  can  cause  considerable  danage  to  lightly 
constructed  Interior  partitions  thus  creating  a  hazard  to  personnel  In  the 
shelter. 

2)  Ifaclear  Radiation. 

(0  Proept.  A  sufiBsary  of  the  clinical  effects  of  acute  Ionizing 
radiation  doses  Is  Included  In  Table  1,02,  This  table  Is  reproduced  froM 
Xef.  1.01  (Table  11.111,  p.  501). 

As  stated  previously,  there  are  genetic  at  well  as  clinical  effects 
of  such  radiation  to  be  considered.  If  only  sonatic  danage  were  of  Interest 
tha  "alloweble"  dose  night  be  as  high  as  100  rads.  Vhen  genetic  daaMge  It 
considered,  the  "allowable"  dose  under  aaaergency  conditions  aust  be  set  at 
to«M  lower  figure. 

The  Crtlonal  Coesnlttee  on  Radiation  Protection  and  Heesureawnts 
(Ref.  1.04)  has  taken  the  position  that  tha  concept  of  pemissible  exposure 
cannot  be  applied  In  the  usual  sense  la  such  energencles  as  a  nuclear  war. 
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the  breakdown  of  a  nuclear  reactor*  or  an  accident  In  a  nuclear  energy 
Industrial  establlshawnt.  Their  report  states  (p.  2),  "The  probleaa  of 
controlling  exposure  to  radiation  In  a  nuclaar  war  are  Inordinately  cowplex* 
and  their  solution  Is  not  susceptible  to  rules  of  thumb  or  to  the  principles 
of  radiation  protection  based  on  past  experience,  ft  Is  not  possIbTa* 
for  example*  to  assign  values  for  'permissible  dose'."  The  document 
further  states  "The  alternative  to  prescribing  permissible  doses  for 
specific  tasks  or  for  specific  groups  of  people  Is  to  prepare  guidelines 
describing  the  consequences  of  exposure  to  the  amounts  of  radiation  which 
might  be  encountered.  ....  This  report  was  prepared  to  help  civil 
defense  officials  emke  proper  decisions  In  preparrtlon  for  naclear  warfare 
and  during  the  first  few  months  after  an  attack." 

Ref-  1.05  states  In  Section  VM,  Radiation  Shielding,  paragraph 
B*  "In  shelters  offering  resistance  to  blast*  the  shielding  required  to 
adequately  reduce  the  Initial  gaaewi  and  neutron  radiation  shall  ba 
calculated  at  the  range  of  the  design  overpressure*  using  methods  approved 
by  the  Office  of  Civil  Defense.  Using  these  methods*  the  Inside  dose 
from  Initial  radiation  shall  not  exceed  20  rad," 

Since  soote  permissible  dose  from  Initial  gamaw  and  neutron 
radiation  must  be  assumed  in  order  to  design  a  shelter*  and  In  lieu  of  any 
more  valid  Information*  a  permissible  dose  of  20  rads  has  been  assumed  for 
this  study. 

(b)  Residual .  The  protection  factor  against  radiation  from 
residual  contamination  %dilch  will  be  provided  by  designing  the  shelter  to 
protect  Its  occupants  from  close-in  effects  will  be  higher  by  a  couple  of 
orders  of  magnitude  than  the  minimum  specified  (100)  for  fallout  shelters. 
However,  at  the  50  psi  range  the  accumulated  dose  from  fallout  gamma  Is 
very  high  and  the  mlnlisum  protection  factor  Is  simply  not  adequate. 

It  Is  noted  that  according  to  current  estimates  a  dose  of 
between  30  and  80  rads  Is  required  to  double  the  rate  et  which  spontaneous 
mutations  are  alread/  occurring  In  humans.  (See  Art.  11.200  of  Ref.  1.01). 
Above  that  level  the  number  of  gene  mutations  are  believed  to  be  approxi¬ 
mately  proportional  to  the  total  radiation  absorbed  by  the  parents.  A 
dose  of  100  rads  Is  the  threshold  of  sofsatic  damage  to  humans.  In  this 
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rafa*'*^*  *omm  p«r>onn«T  fn  th«  iheltart  My  have  to  be  exposed  to  additional 
doses  for  various  purposes  such  as  rescue  and  repair  operations.  Keeping 
the  total  accuMulated  dose  (proeipt  plus  residual'^  In  the  shelter  well  below 
too  rads  will  not  only  reduce  the  genetic  deaege*  but  also  will  reduce  the 
clinical  dasMge  to  those  personnel  who  My  have  to  perfona  racoMry  opera¬ 
tions  In  a  less  sheltered  envt ronakent. 

Therefore,  In  the  absence  of  any  specific  criteria,  a  residual 
radiation  dose  of  20  rads  has  been  assuMd  for  this  study.  Thus  the  total 
accumulated  dose  (prompt  plus  residual)  has  been  assumed  to  be  40  rads  vdilch 
is  significantly  less  than  the  100  rads  discussed  In  the  preceding  paragraph. 

3)  Air  Quality.  A  considerable  amount  of  research  has  been  done 
In  the  area  of  environmental  engineering  for  shelters  (Ref.  1.06).  Of  course, 
aaich  of  the  work  done  on  air  quality  control  In  submarines  and  space  capsules 
Is  directly  applicable.  Ref.  1.07  contains  a  good  suamary  of  the  effects 
of  three  significant  variables  on  shelter  occupants.  Tables  1.03,  1.04  and 
l.OS  concerning  the  effects  of  oxygen  deficiency,  carbon  dioxide,  and 
carbon  nono.^Ide  content  were  extracted  from  Ref.  1.07, 

In  addition  to  the  above,  the  effects  of  heat  and  cold  on  shelter 
occupants  have  been  studied  thoroughly.  Table  1.06  taken  from  Ref.  1.06 
lists  acceptable  and  tolerable  thcnaal  limits  for  healthy  people  at  rest. 
These  limits  are  expressed  In  terms  of  effective  temperatures  (E.T.)  which 
are  not  the  same  as  the  dry  bulb  temperature.  Table  1,07  taken  from  the 
same  reference  lists  the  effective  temperature  as  a  function  of  dry  bulb 
temperature  and  relative  humidity. 

Based  on  these  studies,  standards  of  air  quality  for  design 
purposes  may  be  established  as  follows: 


Oxygen  Content  17%  min. 
Carbon  Dioxide  Content  1.5%  mx. 
Carbon  Monoxide  Content  0.01%  max. 
Effective  Temperature 

Lower  Limit  50*  F. 
Upper  Limit  85®  F. 


These  standards  ars  Included,  even  though  this  report  does  not 
cover  the  design  of  the  mech’.  leal  system.  In  order  to  provide  the  necessary 


background  for  consideration  of  intake  and  exhaust  structures  and  thetr 
possible  effects  on  the  shelter  entrance  design* 

1. 04  COMPLIANCE  WITH  LOCAL  101101116  CODES 

It  has  been  asswaed  that  existing  local'ceg^lattctas.  will  apply 
to  the  design  of  shelters  built  for  civilian  occupancy  and  thus  control 
certain  aspects  of  the  entrance  and  opening,  designs  developed  under  this 
contract*  Coaptianca  with  local  regulations  Is  therefore  desirable  In 
order  to  Insure  widest  acceptance  of  the  designst  especially  since  the 
applicable  regulations  are  generally  untfona  throughout  the  country  and 
represent  eaplrical  standards  of  safety  or  coefort  not  subject  to  rigorous 
analysis  and  significant  taproveewnt*  However*  the  use  of  this  design 
criterion  autoatatically  elininates  a  nuaber  of  entrance  solutions  such 
as  ladders*  slides*  firehouse  poles*  etc**  which  present  an  accident  risk 
considered  unacceptable  by  code  authorities* 

With  reference  to  entrances*  the  building  codes  define  Mlnlnwi 
width  end  height*  stair  details*  slope  of  ranp*  nuaber  and  locations  of 
exits*  etc*  These  diewnslonal  restrictions  are  based  on  long  experience 
with  disaster  prevention  and  Insure  the  least  probability  of  casualties 
under  the  type  of  panic  conditions  tdtich  auiy  obtalw  at  alart  tloa. 

Howevar*  It  oust  ba  notad  that  tha  axit  eo^hu  ware  developed  to  enforce 
the  safety  of  huauin  traffic  aovlng  outward  froo  tha  fir#  risk  or  threat 
generated  In  a  crowded  Interior  to  the  relative  safety  of  the  outdoors* 

The  exit  codes  therefore  laply  e  leek  of  traffic  restraint  beyond  the 
exit  bottleneck.  Precisely  the  oppoalto  situation  axKit  in  tha  shaltar 
case  since  traffic  will  flow  ftem  tha  unrestricted  open  Into  the  raletlvaty 
congested  conditions  of  the  shelter  and  one  «MSt  eseuMs  aoM  feedback  ' 
affecting  traffic  In  the  entrance  systeei*  Hence  the  current  exit  codes 
should  be  considered  es  representing  relatively  liberal  restrictions  not 
to  be  exceeded  In  any  circueatance*  Stalierfy  the  traffic  eettMtad  for 
eteted  diaensions  In  the  codes  is  likely  to  be  on  the  hiyh  side* 

Vlth  reference  to  ventlletloa  openings*  ths  codes  gensrelly 
apply  to  coafort  levels  soaitdiet  grseter  than  the  alnlaua  specified  for 
shelter  conditions  by  the  Office  of  Civil  Defense*  eepartaent  of  Oefinee* 


f.OS  SftOTER  mmCEMEIfr  MO  OVmrtOtML  IWCSMIIES 

1)  General .  It  1*  tli«  purpose  of  this  seettoe  to  discuss  only 
those  aspects  of  shelter  eanagesMiit  and  opcMtlonal  procedures  that  relate 
to  the  problea  of  designing  lok^cost  p>iotecttoe  of  shelter  openings*  ft 
tt»  of  course*  obulous  that  any  large  scelo  program  of  shelters  for  efvf  0 
defense  purposes  would  of  necessity  require  a  rather  extensive  and  cooplex 
shelter  nonagenent  organlxatloo  not  ooly  for  each  Individual  sheltert  but 
also  for  the  shelter  cooplex  within  a  givaa  level  of  local  govemneotal 
authority.  The  functions  of  such  a  shelter  nanagcswnt  organization  and 
the  operational  procedures  would  be  Indeed  varied  and  would  Include*  as  a 
olntouo:  security*  cosaunlcatlons*  oedical*  nessing*  berthing*  ■alataaaaca* 
etc. 

A  discussion  of  the  overall  shelter  osnagenent  organization  Is 
beyond  the  scope  of  this  report* '  However*  there  ere  several  facets  of  the 
shelter  aonageauunt  progran  and  the  operational  procedures  that  would  bo  In 
effect  before  occupancy*  during  loading  of  tha  shelter  for  occupancy  and 
during  tha  occupancy  that  do  Indeed  affta  the  entrUnca  configuration*  thn 
blast  closure*  the  type  of  operation*  ate*  Several  assunptloos  nust  be 
Made  on  these  as  they  affect  the  natntenance  of  the  clesursa  before  occu* 
pancy;  tha  control  of  the  flow  of  people  during  aecest  to  Insure  safe 
entry  Into  tha  shelter*  prevention  of  overloading*  prevention  of  panic* 
and  the  closing  of  tha  door  prior  to  the  arrival  of  the  blast  wave;  to 
Insure  the  auilntatnlng  of  tha  blast  Integrity  after  cloture;  aad  to  IwMiiw 
ogress  after  the  period  of  occupancy* 

It  oust  be  asiuned  for  purposes  of  this  report  that  as  a  ntntauu 
tha  ahalter  nsnassMAt  provides  a  security  and  a  natntananca  capability* 

2)  Security*  The  security  capability  as  a  nlnlwM  nust  Insure 
the  opening  of  the  door  sdicn  required  for  eccess*  the  orderly  eovrnsnt  of 
people  through  the  entranceway  Into  tha  shelter  proper  and  awiy  ftxni  the 
entrance*  the  prevention  or  ntnlnlzeelon  of  panic*  the  closing  and  securing 
of  tha  door  after  entry,  the  blast  integrity  during  the  occupancy  period* 
and  tha  opening  efter  the  occupancy  period. 
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Thtst  eGiistd«r«ttoiis  fnfluMC*  th*  itriiio  cenftgurattoii 
(!.•.•  rwip  or  stotro*  single  or  double  width  corridor*  etc.;  horizontal 
or  vortical  elosura*  swinging  In  or  out*  etc.)  and  tho  asthod  of  opaolng 
tha  door  atthar  as  dasignad  or  undar  aaarganqf  conditions. 

3>  Iblntananca.  Iha  aalntansnco  capability  as  a  alnlaRas 
oust  Insura  pra-dlsastar  nalntananca  of  the  elosura -units  and  raaoval  of 
dabris  to  allow  free  aovanant  and  coaplata  sealing  of  tha  closure;  the 
pra^tsastar  raaoval  of  debris  froa  stairs  or  naps  and  corridor;  tho 
pra^lsastar  aalntananca  of  fuel  supply*  lairgiany  powar*  and  lighting 
flsturas  for  llluatnatlon  during  entry;  and  tha  provision  of  toots  to 
jack  open  or  disasntia  the  door*  or  cut-through  for  aaargancy  ascapa  la 
tha  avant  tha  door  falls  to  open  after  tha  aaargoacy. 

Ihesa  consldaratloas  Influence  tba  type  of  elosura  units*  thatr 
support  and  saattng  appurtaaancas*  thatr  nethad  of  actuation  and  oparatlom 
etc. 

4)  Occupancy.  Iha  type  of  occupaacy*  l.a.*  age*  sax*  and  physical 
walt*batng*  will  aatarlally  affect  tha  antraaca  design*  If  tha  occupants 
Mirt  all  young  and  vigorous  nalas*  a  pole  far  sliding  Ingress  snd  t  rep# 
laddsr  for  agrtts  would  ha  satisfactory  as  a  otalMua.  for  slallar  occupaacy» 
a  vertical  antrancaway  «dth  a  panMnant  ladder  or  a  chute  would  ha 
pansisilhia.  However*  for  hataroganaous  occupancy*  l.t.»  walo  and  fanntwi 
of  varying  ages*  stairs  and  possibly  ranps  wwfd  ha  ragulrod. 

Aged  or  Inf  Ira  occupants  pose  special  problaao.  farsonn  arutarlnf 
oa  crutches  can  ha  hnndlud  satisfactorily.  Access  In  a  wheal  would 
regut  ra  reaps  with  a  relatively  gentle  slope.  Cnnept  under  en  awirfeacy 
evecuatloa  of  the  shelter*  egress  would  piebahly  he  orderly  end  esslstenca 
would  pose  no  perticuler  probleii  for  occupants  la  vheal  chairs.  StratdMirS 
or  litter  cases  would  not  only  legul re  relatively  gentle  slopes  es  In  tha 
Case  of  wheel  chairs*  hut  would  also  require  wider  corridors  end/or  less 
sharp  bends  In  order  to  acgotlete  the  oorhcis  m  the  reaps  ecd/or  corridors* 

No  racoaaandetloas  have  beea  aede  la  this  report  for  Mtranceweys 
to  eecoaaodete  oecupnnts  eaterlag  la  whaal  chairs*  stratchars*  and/or 
littars. 

5)  Jncresf/g«tr»ss  After  Attetk.  Frew  the  standpoint  of  Ingress 
and/or  agrsss  after  aa  attack*  as  long  as  ths  elosura  unit  hnn  not  sustnlnad 


«xc«ss1vc  picstle  defoiMttoii  or  bocoM  Jmm4»  thoro  Is  iw  portlculor  probh 
fogrtss  wy  bo  rcqutrod  oftor  on  ottock  to  occtpt  lot#  orrtvoU,  troRSftroos 
froaotbor  tholtors*  aedleol*  ropoirt  or  other  porsonnel.  Egress  aay  bo 
required  for  aedlceU  repair*  rescue*  dccontealnetloo*  or  other  personnel 
to  perfons  recovery  tasks  end  to  rtaove  sick*  Injured*  or  dead. 

If  the  attack  has  been  of  a  contaminating  type*  t.e.*  radioactive 
fallout*  biological*  andArr  chemical*  provision  Mould  have  to  be  made  for 
dccontaetnatlng  entering  personnel  and  maintaining  Integrity  of  the  Internal 
environmsnt.  It  Is  assumed  that  air  locks  and  decontamination  facilities* 
if  provided*  vould  be  provided  on  the  protected  shelter  side  of  the  blast 
closure.  These  bWe  not  been  Included  as  part  of  tha  entrancaMsys  designed 
herein.  It  Is  further  Msueed  that  adequate  neter  svipply*  shielding*  and 
provision  for  disposal  of  contaminated  MStor  and  clothing  from  the  decon¬ 
tamination  facility  uMild  be  provided. 
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RKQHPT  NUCLEAR  NAOIATION  ASSOCIATED  WITH  VARIOUS  SIOE-ON 
OVERPRESSURES  fROH  VARIOUS  YIELDS  OF  WEAPONS  (LOW  AXA  IURStS)« 


Yield 

Range(ft) 

Proapt 

CaaaiaCRad) 

Prompt 
Neutron (Rad) 

Total  Proapt 
(Nad) 

30  Pit  Uvel 

100  KT 

2.600 

54.000 

33.000 

87.000 

1  NT 

s.£oa 

11.800 

750 

12.550 

10  NT 

12.000 

140 

-» 0 

140 

sajp.t.Ujf.yal 

100  KT 

2.140 

121.500 

102.000 

U3.S00 

1  NT 

4.6O0 

43.600 

4,400 

48.000 

10  NT 

8.900 

1.400 

0 

l,40t 

JWj.tl.VffM 
100  KT 

1.620 

350.000 

400.000 

750,000 

1  NT 

3.SOO 

215.000 

45.000 

260.000 

10  NT 

7.SOO 

23.600 

200 

24.000 

ATh«t«  <(«t«  Mir«  cvlewlnttN  fro*  £Yf«cts  of  Nwcloar  Voopoot  •  1942** 
■»«u«lng  th«t  Cho  hoight  of  Durst  storo  low  enough  so  that  th«  slant  ranfo 
Is  approxlMtaly  equal  to  tba  horizixital  Ni stance  fro«  ground  xtro  hut 
hlfh  enough  so  that  shleldinf  hy  dust  thrown  up  hy  the  datonatlon  Is 
neallgihle.  The  air  density  la  taliao  as  0.0  tlaes  tha  density  at  saa 
lavel. 


tft 


■■  'v*. 
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EFFECTS  OF  OXTSEM  BEFICXENCT 
(FEON  KEF.  1.05} 


OxysM  CoAtwit  SffACts 

of  Inholod  Alr« 

Porcont 


20.9  No  offocu;  nonuil  «Ir 

IS  to  InoNUto  offocu 

10  tlzxlooss;  tbortnosi  of  brootli.  Noopor 

onN  aoro  roptd  rotplrotloo.  quIckoaoN 
polMt  ospociolly  on  oxortloo 

1 
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Stupor  Mto  lo 

NIoImI  concontrotion  coopotlblo  witb  Itfo 
•ootb  vltbtn  0  fow  olnutoo 


It 
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EFFECTS  OF  CAiiBiaN  0I0XI9E  •  OXTCEII  COHTEKT  NOMEL 
(FfeOM  tEFElENCl  1.0$) 


Carbon  Otoxida 

(Cofcfnt  of  Inbatatf  Effaeta 

Alr«  Pareant 


0.04 

No  af facta;  noiMl  air 

2.0 

Iraatbing  Oaapar;  air  laapIcaO  par  braaCb 
locraasad  30  paraant 

4.0 

traatblog  aueb  4#apar;  rata  aligbtly 
guIckanaN;  considarabla  Oliccaf^t 

4.5-5 

•raatbtnf  axtroMly  laborwl;  alaoat  imbaar- 
abla  for  Moy  InOlvINuala;  nausM  My  occur 

T-t 

Llalt  of  toloraoca 

10-U 

Inability  to  coorOlMta;  unconactouanaaa  la 
about  tan  alnutaa 

15-20 

Syaptoni  lacraaaa»  but  probably  not  faital 
la  on#  hour 

2S-M 


OlMlnUbaO  ratplratloo;  fallout  of  blooO 
praaiura;  com;  loaa  of  raflaxaa;  anastliatia; 
gradual  taatli  aftar  com  bourn 


Carbon  Konoxida 
Contant  of  Inbalad 
Air.  Parcant 


TAIU  1.0S 

CfFCCri  OF  CAAION  MONOXIK 
(FRON  K£FEJt£NCr  X.O^ 


Cffacts 


Potalbla  at  Id  frontal  Iwadacha  aftar  tao  ta 
tiuraa  botira 

Frontal  Madaclia  and  nauaaa  aftar  ona  to  tao  houra; 
occipital  <raar  of  haad)  liaadacba  aftar  two  and 
ona-lialf  to  thraa  and  ona-liaif  iMMirf 

Haadacha.  dtzxinaaa*  and  nautaa  la  forty-ftva 
winutaci  collapM  a^  poaatkla  anconacloawaaa 
la  two  iMMirs 

Naadaeha*  dltxlnati*  and  naotaa  ta  twenty  atnataa; 
coliapM*  Nncooacloaanaaa  and  poaalbla  daatii  la 
two  IwMirs 

Haadacha  and  dtaxinaaa  In  fiva  to  tan  alnataa; 
wr.conaciotMaasa  and  daofar  of  daatli  la  tblrCy 
winatas 

Haadacha  and  dUalnaat  la  ooa  or  two  wtaataas 
uncontclowmaat  and  daofar  of  daacli  la  tan  ta 
flftaaa  wloataa 

taaadlata  affact;  unconacloaiaaai  and  daogar  of 
daatli  la  ooa  to  thraa  wloataa 


ACCEFT/SLE.  MB  TOLEMSLE  THERMAL  LlMnS  FOK 
HEALflOr  PEfiPLE.  AS  BEST  FtOPEALY  CLOTHEa 


Ltattt  •xpr«st«4  fn  t«rM  of  Effoetivo  Twaporoturo  (E.T.)«  Mhteli  ts  tbo 
taaporatoro  of  Mtiirot«4  air  witJi  siolaua  air  aovaaant  (Sm  TabLa  1.07) 


Lowost  taaparaturo  •n4urebla  In  cold  aaatliar  for 
at  laaat  tMo  tiaaka  In  aMrsanclaa  3$  E^T. 

FostIbU  chilblain*  or  aheltarfoot  3S>50  E.T. 

Lowott  aecaptablo  for  contIniKHii  Mpoaura.  $0  C.T, 

Manual  dantarlty  aay  ba  affoctad 

HOptlMMk^  for  confort*  with  (tfL  ralativa  huaidity 
or  lata  68»71  E.T« 

Partpl ration  thrathold*  Accaptabla  for 
continuous  axpotura  78  C.T. 

Cndurabla  In  awirsanclat  for  at  laast  two  waafca.  89  C.T. 

Potilbla  boat  rath  In  prolonfad  axpoaurat 

Fottibla  haat  axhauatlon  In  unaccllwatlxad  paopla  88  C.T. 

fottibla  haat  axhauttlon  In  accllwatUad  partooa  C.T. 


extracted  frm  **rolaranca  llwltt  of  Faopla  for  Cold.  Haat.  and  Huwidlty 
In  Underground  Shaltara.**  by  C.  f.  Vaglou.  Kaf.  t.Ob. 


TABLE  1.07 


EFFECTIVE  TEMPEJUTURE 


Effective  Tcapereture  (E.T.)  1*  an  eaplrical  heat  Index  based 
on  huMn  sensations.  It  coabines  the  tenperature,  htseldtty*  and  Movoaent 
of  air  into,  a  sensibly  equivalent  tcaperatui'c  of  saturated  air  with 
Miniatal  atr  Motion.  In  unventilated-undersround  shelters  where  the  air 
is  alaost  saturated  with  moisture,  the  E.T.  will  be  practically  the  saao 
as  the  dry  bulb  teaperature.  For  unsaturated  ataospbares  the  E.T.  can  bo 
computed  froa  the  t^le  below.  (Ref.  1.06) 


Ory  bulb 
teaporatoro 

6M 

E.T.  for  relative  humidities  of 

70X  SOX  90X 

lOOX 

SO 

SO 

SO 

SO 

SO 

SO 

CO 

58 

S9 

S9 

60 

60 

TO 

67 

67 

68 

69 

70 

7S 

71 

72 

73 

74 

7S 

80 

7$ 

76 

77 

79 

80 

8S 

79 

80 

82 

83 

8S 

M 

83 

8S 

86 

88 

90 

OS 

87 

89 

91 

93 

9$ 

100 

90 

93 

95 

98 
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FI6.  1.02  AECTANGULAA  STRUCTURE  WITH  ROOF  SUUI  FLUSH  WITH 
dtOUNO  SURFACE;  TVO  ORIENTATIONS  VITH  RESFECT  TO  POINT  OF  OCTOHATIOM 
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CHAPTER  2.  SHELTER  ENTRANCE  SYSTEMS 

2.01  INTRODUCTION 

Th«  final  salectlon  of  the  type  of  entraiice  best  sefted  for  e 
specific  situation  can  bn  Mdn  only  after  n  nueber  of  different  factors 
have  been  considered.  Many  of  these  factors  are  Inter-related  and  do 
not  lend  theaaelves  to  Independent  consideration.  Howaverk  In  order  to 
discuss  the  various  factors  It  Is  essential  that  they  be  fsoTated  and  that 
their  Mituel  effect  be  considered  only  In  the  final  synthesis* 

It  Is  desirable  to  suMsarlte  the  various  factors  affecting  the 
design  of  entrance  systeus  before  exaotning  the  Individual  factors  In 
detail.  Such  a  suinaary  Is  Indicated  by  the  following  tabulatlont 

1)  Site  Conditions. 

a.  Terrain  -  level  or  sloping 

b.  Rullding  density  and  proximity 

c.  Relation  of  shelter  to  outside  access  level 

2)  Capacity  and  Safety. 

a.  Shelter  system  (Isolated  or  Integrated) 

b.  Vaming  time 

c.  Oecontamlnatioo  ares 

d.  Interlock 

e.  Type  and  location  of  doors 

f.  Widths  of  doors  and  corridors 

g.  Nuaber  of  doors 

h.  Type  of  depth  element 

1)  Steirs 

2)  Raep 

I.  Psychologtcel  considerations 

3)  Structural  Reatstanen 

a.  Overpressura 

b.  Incidence  angle 

c.  Turns  or  bends  In  corridor  clamant 

d.  Negative  phase 
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4)  fUdfatfoft  Profctfew 
«.  Through  door 

b.  Turns  or  bands  In  corridor  alaaent 
c«  ShUtds  or  barrtars 

#•  Ungtb  of  corridero 

5)  Door  Ooaratlon 
«•  Stispi  lefty 
b<.  Effoctivaaasft 

c.  "luttoning  Up“  ttiM 

d.  Vulnarabtitty  to  daaaga  or  blocking 

6)  Cost 

Tha  objactiva  of  this  chaptar  Is  to  state  the  specific  assuaiptloos 
a«da  regarding  the  shalter  entrance  systea.  Discussed  are  ttw  alcaants 
of  entrance  systaast  the  depth  of  tha  structure  relative  to  the  outside 
grades*  tha  Ingress  traffic  rates*  and  the  operational  concepts  of  the 
entrance  systea  as  they  Influence  the  design  of  th«  entrance  systSM. 

The  concept  of  the  entrance  systeai  ini  this  report  Is  that  of  ea 
Integrated  se1f-suppc»rt!ng  systea  consisting  of  ssveral  eleeants.  The 
door  fresM  Is  included  In  the  systea  although  Its  support  aay  ba  Incorporated 
in  the  shelter  structure  proper.  The  discussion  Is  approprleto  to 
burled  structures  In  general  rather  than  to  a  particular  structure* 

The  capacity  of  tha  entranca  aysteas  Is  based  on  the  aoduler 
principle.  A  aodule  Is  rated  In  term  of  Its  capacity*  t.e.*  the  nueber 
of  persons  per  alnute  vhicb  it  cen  accoaaodate.  As  discussed  la  Sec*  2*04 
of  this  chepter.  this  Is  e  varying  quantity  with  tiaa.  Tharefore  the 
nunbar  of  entrance  ayatea  Modules  required  will  be  e  function  of  the 
taming  tiae  end  tha  capacity  of  the  shelter  proper* 

Although  no  consideration  Is  given  in  this  report  to  the  nueber 
of  entrances  required  for  a  particular  shelter*  e  few  coaeents  are  In 
order  regarding  tha  requiremnt  of  an  eaergency  escape  and  the  orientation 
of  entrances  if  more  than  one  ara  required*  In  order  to  insure  opening 
of  the  door  after  an  attack*  the  door  structure  should  be  restricted  to 
reletiveiy  taall  pemanent  deforaStlons  or  should  be  designed  such  that 
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th«  defomattons  do  not  prcvont  the  door  froa  boing  opened.  If  plastic 
defomatlons  are  designed  for  and/or  occar*  provision  oust  be  aada 
either  for  jacking  the  door  open  or  cutting  It  away*  or  for  separata 
caergency  escape  aeaaa* 

If  the  OGZ  (designated  ground  aero)  Is  known  or  can  logically 
ha  assuaed*  alt  entrances  should  be  oriented  away  froa 'the  DGZ*  In  order 
to  alnlalze  the  levels  of  blast  and  nuclear  radiation.  Slallerly*  ff 
the  capacity  of  the  shelter  Is  such  as  to  require  nore  than  ana  entrance 
and  If  the  OGZ  Is  unknown*  the  entrances  should  be  oriented  at  least 
90^  apart.  To  reduce  the  debris  hazard  the  entrance  structures  should 
be  connected  to  opposite  ends  or  sides  of  the  shelter. 

Z.OZ  ELEMENTS  OF  EMTHANCE  SYSTEMS 

The  protection  of  the  shelter  openings  has  been  restricted  to 
the  structural  end  aechenicel  eleaents  of  the  entrance  systea  bettaea 
the  ground  surface  end  the  enclosing  structural  envelop#  (shell)  of  the 
shelter  proper.  These  Include  the  followtngs 

1)  Surface  Transition  Eleaent.  At  tha  ground  surface  %4Mre 
the  entreneewsy  systea  eaerges.  attention  eust  he  paid  to  Its  location 
with  respect  to  buildings  «4ilch  night  bscoas  a  debris  and/or  Incendiary  - 
hazard*  Its  orlentstion  with  respect  to  any  nost  probable  ground  zero* 
ground  water  conditions*  surface  drainage  conditions*  backfill  coapactlon* 
absence  of  vertical  protuberances  presenting  a  sizeble  **tiil'*  ores  to 
the  blest  wove*  proalalty  to  utility  tines  which  when  daataged  night  prevent 
Ingress  end/or  egress*  structural  strength*  etc* 

Pepth  Eleewnt.  The  depth  eleaent  provides  for  descending 
to  the  level  et  rdilch  the  shelter  proper  caa  be  entered.  It  aiy  consist 
of  reaps  or  stairs  and/or  bends  or  turns.  The  dlaenslons  (widths*  hetghse* 
slope*  rises*  tread*  etc.)  are  ia  general  dictated  by  codes  whose  Influcnea 
Is  discussed  ia  Chapter  T. 

3)  Corridor  Eleaent.  A  corridor  eleaent  aay  be  required 
between  the  riser  eleaent  end  the  shelter  for  one  of  several  reasons, 
e.g.*  to  paralt  ona  riser  eleaent  to  serve  aoie  than  one  shelter*  to 
provide  e  location  for  loachinery  that  should  be  Isolated  froa  the  shelter* 
or  to  provide  additional  turns  and/or  lengths  for  redletlon  end  blast 
attenuation  that  are  not  provided  In  the  depth  eleaent. 
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Th«  actual  ccnfiguratfon  of  the  corridor  aleaent  Is  detemlned 
by  the  requi reaMntt  for  the  perturbation  of  the  blast  wave  and  the 
attenuation  of  both  the  Initial  and  residual  radiation.  These  confl^ura* 
itoaa  are  discussed  ta  Chapters  S  and  6. 

4)  Interlock  Eleeent.  An  Interlock  clcaent  provides  for  late 
arrivals  to  enter  the  shelter  without  exposing  the  people  in  the  shelter 
to  the  blast  wave.  The  actual  Interlock  systeai  may  or  eay  not  be  eon* 
stdercd  a  separate  alceentt  as  the  only  Major  feature  of  an  Interlock 

Is  two  doors  with  a  holding  space  between.  Hence,  It  could  be  a 
separata  eleawnt  within  the  shelter  entrance  systcai  with  two  corridor 
doors  and  an  Intervanlng  corridor,  or  It  could  be  an  exterior  door  at 
the  surface  and  a  corridor  door  with  the  Intervening  corridor  and  depth 
eleaeots  serving  as  the  storage  erea. 

5)  Sheltar  Transition  Element.  This  elanent  slaiply  aakas  th« 
transition  fron  any  of  the  other  elcnents  (corridor  or  depth)  to  the 
shelter  proper.  In  som  situations,  when  the  blast  load  on  the  door  Is 
transMitted  directly  to  tha  shelter,  the  shelter  transition  etenant  will 
be  a  structural  aleaant. 

6)  Poor  Clcwent.  the  door  eleaent  consists  of  the  door 

Itself,  as  tha  Means  of  excluding  positively  the  blast  pressure;  the 
hinges,  rollers,  or  other  supporting  MechanUtts;  sealing  devices  to 
prevent  flow  of  air  undar  response  and  rebound;  the  supporting  fraea; 
and  any  Hechantsn  for  Manual  or  eutcMtatic  operation  of  the  door.  The 
required  strength  or  resistance  Is  a  function  (I)  ef  tha  orientation 
of  the  door,  and/or  the  location  of  tha  door;  (2)  of  tha  ratio  of  tha 
posit Iva  i^se  duration  of  the  blast  wave  to  the  natural  period  of  tha 
door;  (3)  of  the  span  and  length  of  the  door;  end  (4)  of  the  Method  of 
support;  slaiple  or  fixed.  In  one  or  In  two  directions. 

Since  the  problewts  associated  with  the  design  of  the  door 
•lewent  are  a  significant  part  of  the  total  problew  of  the  entrance 
systcM,  a  tubseguent  section  has  been  devoted  solely  to  a  dlscwssion 
Of  closing  MechanisMi. 

7)  Dccontsel nation  Elewent.  SoMt  provision  for  a  decontan! nation 
area  nust  bu  Includad  In  any  larga  sheltar  conplex.  While  It  night  not 


b«  used  upon  the  Inttlel  entry  of  shelterees.  tfkely  wouM  be  metf 
during  the  post-attack  operation*  Such  an  area  eight  be  Incorporated 
within  the  shelter  proper  or  Within  a  separate  and  alternate  entrance 
corridor.  A  discussion  of  the  design  criteria  for  a  decontael nation 
area  fs  beyond  the  scope  of  this  report* 

2.03  SITE  CONDITIONS 

The  site  conditions  of  the  terrain,  the  proxfnity  of  other 
structures,  the  tcKatton  of  utilities  and  the  relation  of  the  shelter 
with  respect  to  the  outside  access  level  Materially  affect  the  select Iom 
of  the  entrance  systeai.  These  conditions  themselvos  may  affect  or  be 
affected  by  other  entrance  systea  regul renents,  e.g.,  capacity  and 
safety,  structural  resistance  and  radiation  protection.  While  these 
factors  must  be  separated  for  discussion,  the  final  selection *of  a 
particular  entrance  systea  Is  dependent  upon  the  synthesis  of  alt  of 
the  pertinent  factors. 

It  Is  Impossible  to  have  a  single  entrance  system  that  will 
satisfy  all  the  possible  site  conditions  end  shelter  typos  that  may  be 
encountered.  Therefore,  for  discussion  purposes  In  this  chapter,  four 
Idealized  situation  or  casos  have  been  assumed.  It  Is  bmiteved  most 
site  conditions  and  shelter  types  can  be  Idealized  to  correspond  to  on* 
of  these  four  cases.  All  cases  portray  burled  or  covered  structures, 
with  4  ft.  of  overburden  end  an  8  ft.  clear  height  from  the  shelter 
entry  level  to  shelter  celling*  The  four  casts  ere  described  as  follows: 

Case  I  Outside  access  level  IZ  ft.  above  tha  shelter  entry 
level.  Ground  surface  Is  appvoxiaatoty  levol. 

Case  il  Hounded  or  seal-burled;  outside  access  level  6  ft. 
above  tha  shelter  entry  level. 

Case  Mi  Hounded,  eurth  covered;  outside  access  level  and 
entry  level  at  seme  elevation. 

Case  IV  Covered  or  burled  shelter;  entrance  is  thrau^  a 
vertical  door,  as  In  a  basement  vmII  or  other 
vertical  surface. 

When  depth  elements  are  used,  two  types  are  constdarad,  I.e., 
a  10  parcent  ramp  and  a  7  3/4  In.  riser  -  9  1/2  In.  treed  statra.  Aa 
dUcussad  In  Chaptar  3  thasa  rapresant  tha  maximum  slopes  for  egrasa  and 
Ingrass* 
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The  four  eases  are  presented  In  Figs.  2.01: and  2.02.  As  shona 
In  Fig.  2.01,  Case  t  and  Case  II  my  be  used  for  any  floor  to  celling 
heights,  as  vmII  as  for  nulttple  stories.  A  stnilar  situation  Is 
applicable  to  Case  fft  (FTg.  2.02}.  The  Uniting  condition  Is  tbtt 
direct  access  Is  mdc  8  ft.  hk  below  the  ceiling  of  the  upper  story. 

If  the  story  height  Is  greater  than'  8  ft.»  then  an  Inside  stefrs  Is 
required  as  tnt(b). 

For  sounded  construction.  Cases  11  and  Ilf,  two  side  slopes 
are  illustrated,  t.e.,  a  1:1  and  a  2tl.  While  there  are  advantages 
both  slopes  as  far  as  the  door  Is  concerned,  the  2:1  slope  Is  about  as 
steep  as  can  be  attained  when  the  stability  of  soli  Is  considered. 

.  Figs.  2.03,  2.04,  2. OS  and  2.06  show  the  four  Idealized 
situations.  Cases  I,  II,  III  and  IV,  respectively.  Both  a  stairs  and 
a  1:10  ra^  are  shown  for  Cases  1  and  II,  while  a  horizontal  corridor 
only  Is  shown  for  Case  III  and-  IV.  Doors  are  shown  only  at  the  surface 
(except  for  Case  IV)  In  order  to  compare  the  approxinate  lengths. 

Vertical  doors,  of  course,  could  be  Installed  In  any  of  the  corrldof 
elemnts.  However,  since  the  site  conditions  do  not  mterlally  affect 
the  design  of  Interior  doors,  they  are  not  considered  In  this  section. 

It  also  Is  Important  to  note  that  while  the  design  pressure  Is  different 
for  the  exterior  doors  at  different  angles  of  Incidence,  all  Interior 
doors  must  be  designed  for  e  reflected  pressure.  Befer  to  Chapter  S 
for  a  more  complata  discussion. 

It  should  be  noted  also  that  some  of  the  drawings  In  Figs. 

2.03  and  2.04  Indicate  a  depth  element  only.  A  corridor  element  of 
eny  desired  length  «wy  be  Incorporeted  In  the  design,  es  required  by 
other  considerations.  Fig.  2.03(b)  has  only  a  dapth  alament,  whera^ 

Fig.  2.03(c)  has  a  corridor  element  also. 

the  use  of  e  1:10  ramp  for  Casa  1  Is  not  practical  as  shown 
In  Fig*  2.03(a).  ilhile,  as  previously  stated,  an  tntarlor  door  could  ba 
used,  the  surface  opening  Is  so  large  that  It  becomes  Impractical.  It 
Is  bellevad  that  In  any  cases  where  a  raap  must  ba  usad,  such  as  for  a 
hospital,  that  aithar  Case  II  or  Ml  becomes  more  practical,  particularly 


Case  !li.  Stairs  becoae  a  very  practical  solution  forCasa  l»  as  shown  ■ 
in  Figo  2.03(b)  and  (c).  The  aajor  advantage  Is  that  the  door  Is 
relatively  short  and  parallel  with  the  ground  surface.  Since  It  ts 
flush  with  the  ground  it  is  designed  only  for  the  side«on  overpressure 
rsther  than  a  higher  reflected  pressure  when  at  sone  angle  to  the 
horizontal. 

Fig.  2.04  compares  the  use  of  a  stairs  and  a  ranp  for  Casa  tt« 
The  stairs  again  appear  the  laore  reasonable  solution  tf  a  long  corridor 
is  not  required  by  other  considerations.  Fig.  2.05  indicates  that  even 
with  a  2il  soil  slope  the  door  Is  not  unreasonably  long.  If  fill  were 
available  this  case  probably  would  be  preferable  for  hospital  construction. 

Vhile  it  is  taposstble  to  draw  definite  conclusions  as  to 
which  type  construction  may  be  most  desirable  for  a  specific  case* 
without  actually  computing  the  cost  of  the  entire  entrance  structure  and 
without  weighing  the  relative  blast  and  radiation  protection*  soma 
general  conclusions  any  be  drawn  at  this  point.  In  general*  the  stairs 
are  likely  to  be  most  desirable  for  general  use.  It  permits  more 
flexibility  In  that  the  corridor  element  nay  be  as  long  or  have  as 
•any  turns  as  Is  dastrad. 

Tha  advantages  and  disadvantages  of  the  four  cases  nay  be 
suamarlzed  as  folloMS 

Caso  I 

1.  Tha  tItO  ramp  requires  too  long  a  door  or  exposed  opening. 

2.  The  flush  horizontal  door  may  ba  designed  for  tha  least 
pressure  of  any  configuration. 

3.  This  case  ts  ms*  appilcabia  whan  the  ground  above  Is  to 

be  used  for  tomo  purpose  such  es  a  playground*  parking*  etc. 


Case  11 

i«  Frobabiy  the  best  solution  for  nost  cases  In  that  the 
construction  makas  use  of  waste  soil. 

2.  Kay  not  be  suitable  for  multi ixtrpose  use  of  tend  dun  to 
mounding  eround  the  shelter. 

3.  Use  of  the  stairs  may  be  desirable  partlculeriy  when  land 
la  at  a  premium  or  in  a  congested  erea. 
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}.  Exc«ll«nt  for  ho«ptt»U  and  other  facilities  re^ulrthg 
gradual  entrance  slope. 

2.  Re<iutres  an  excessive  amount  of  fill  from  a  borrow  pit. 

I 

I  Case  iV 

I  1.  Restricted  use  only 

1 

I  2.  The  door  through  the  wall  must  be  considered  only  as  a 

I  direct  access  door  from  the  building. 

3.  Since  this  case  Is  very  susceptible  to  blocking  due  to 
d^rlSf  It  Is  essential  that  an  additional  exit  be 
provided*  preferably  as  far  aMay  from  the  building  as 
possible. 

2.04  ENTRANCE  TRAFFIC  RATE 

The  .entrance  traffic  rate.  I.e..  the  traffic  flowing  p<ist  a 
given  point  of  a  shelter  entrance,  uniquely  describes  the  capacity  of  aa 
entrance  system  and  provides  the  best  criterloa  for  comparing  system 
efficiencies  or  costs  and  for  selecting  optimal  entrance  systems  as  a 
function  of  such  Independent  variables  as  alert  time,  contributing 
population  density  and  distribution,  shelter  capacity  and  nuOber  of 
entrancas. 

The  traffic  flow  rate  Is  expressed  es  the  number  of  people 
moving  per  unit  width  (or  foot  of  width)  per  minute  and,  es  will  be 
discussed  In  Chapter  3,  varies  according  to  traffic  density  or  velocity* 
es  well  es  the  width  and  slope  of  the  entrance  system.  For  Instance, 
assuming  a  minimum  effective  width  of  22  In.  for  the  access  and  door 
elements  and  an  "approved"  stair  conf Iguratlovt,  the  eve rage  entrance 
rate  works  out  to  be  40  persons  per  minute  for  e  density  of  I  person 
per  6.S  square  feet  and  a  velocity  of  1.5  miles  per  hour.  The  peak 
traffic  rata  for  the  seme  conditions  of  width  and  density  Is  60  parsons 
per  minute  corresponding  to  a  velocity  of  2.25  miles  per  hour. 

The  date  and  observations  on  which  traffic  flow  Is  bssH  are 
reasonably  consistent  end  can  be  easily  Improved  by  ad  hoc  experlmante* 
tion  under  simulated  conditions.  These  date  are  discussed  end  the 
applicable  traffic  rates  ere  tabulated  In  Chapter  3.  The  criterion 
Involves  both  a  peak  and  an  average  rate  estimated  from  available  date. 
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The  use  artd  validity  of  these  tw  rates  are  predicated  on  the  assunptlon 
that  the  traffic  through  the  entrance- systea  wilt  follow  a  distribution 
curve  with  a  slow  buildup  following  the  alert  siren  and  peaking  soaewhat 
before  the  end  of  the  alert  period.  Traffic  distribution  curves  will 
of  course  vary  widely  according  to  local  site  conditions*  but  total 
traffic  can  be  estimated  by  multiplying  the  average  rate  by  the  number 
of  minutes  warranted  by  these  conditions. 

2.05  MECHANICAL  SYSTEMS  OF  DOOR  CLOSURE 

1}  General .  In  other  sections  of  this  report  material  Is 
presented  which  permits  the  designer  to  choose  from  a  variety  of 
configurations  and  several' different  materials  the  door  which  will  be 
required  to  resist  the  loads  Imposed.  The  choice  which  Is  aiade  from 
among  all  of  the  possible  solutions  may  be  Influenced  to  a  considerablo 
degree  by  other  factors.  The  Ideal  type  of  door  would  be  simple  to 
operate*  would  be  cotaparatlvely  cheap*  would  require  virtually  no 
maintenance  and  would  amke  an  absolute  seal.  These  requirements  tend 
to  work  against  one  another. 

In  the  final  analysis  the  optimum  closure  must  meet  certain 
requirements  with  respect  to  Initial  cost*  maintenanca,  safety*  sealing 
and  support.  In  addition  to  these  Items  It  must  satisfy  certein 
psychologicel  espects  of  entrance  and  egress*  For  the  wide  variety  of 
choices  available  It  Is  Impossible*  without  consideration  of  a  specific 
case*  to  discuss  In  detail  the  many  possible  solutions*  The  final 
choice  wilt  depend  to  a  great  extent  on  the  Inportanca  assigned  to  the 
several  Items  mentioned  ebova. 

For  purposes  of  discussion  the  general  systems  of  door  closure 
have  been  separated  Into  either  sliding  or  hinged. 

Hinged  Doors.  Vithin  this  category  consideration  must  be 
given  to  doors  which  swing  back  Into  the  entrance  corridor  or  Into  the 
shelter  area.  It  Is  possible,  depending  upon  the  configuration  of  the 
entrance  tunnel*  that  this  type  of  door  could  also  be  mounted  soamwhere 
along  the  tunnel.  Should  this  b«  the  case  the  factors  enumersted  In 
the  following  still  hold.  The  basic  diffarencee  between  the  two  systems 
occur  In  the  consideration  of  support  requirements*  seeling  and  In  the 
psychological  cons I derations. 
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(a)  Optt«  for  Cha  dbor  propar  thara  ft  no  partfcuTaf 
dtffaranca  In  tha  Mkaup  ra^ardlass  of  Mhethar  tha  door  iwtnps  Into  tha 
antranca  corridor  or  Into  tha  shaltar  araa.  Tha  baaic  stnicturat  systaas 
would  ba  Idantical  and  therafora  cost  would  not  ba  a  considaratloa*  Tha 
■ost  taportant  constdamtto»  t»  tho'  oesT  for  this  typa  of  door  la  tfia  mot 
for  autoaatic  closura  davicas  as  opposed  to  Manual  operation. 

(b)  Kalntananca.  Maintenance  for  this  systan  shouTd  ba 

a  alnlaun  provided  tha  propar  natartals  are  chosen  for  tha  door  binge*.  .  . 
tha  sealing  natarlal  and  the  latching  davicas. 

(c)  Safety.  This  particular  considaratloa  Is  difficult 

to  discuss  In  a  straightforward  Banner  because  It  Is  Inttauitaly  connected 
to  the  psychological  aspects  of  the  problsM.  A  door  swinging  back  Into 
the  entrance  corridor  provides  certain  advantages  since  anyone  la 
front  of  the  door  at  tha  tiae  of  closura  would  be  swept  by  the  door  Into 
the  shelter.  The  particular  disadvantage  of  this  systan  Is  that  In 
the  event  of  panic  or  accidental  Movenent  the  door  could  ba  closed 
presHturely  by  those  seeking  antranca  to  tha  shelter.  The  first  reguira* 
aent  than  Is  that  soa»  positive  steps  aust  ba  taken  to  prevent  such  «q 
occurence. 

On  the  other  hand  In  the  case  thara  tha  door  swings  Into  tha 
shelter  area  this  difficulty  does  not  occur  since  ti^sa  seeking  antranca 
to  tha  shelter  autoaatically  keep  tha  door  open.  Tha  problan  of  closing 
a  door  which  Is  hinged  In  this  direction  presents  a  var/  serious  prohlaa. 
Such  a  systea  would  place  a  great  daal  of  pressura  on  the  person  responsible 
for  closing  tha  door  at  the  proper  tIae.  It  would  be  his  responsibility 
to  dissuade  those  seeking  entrance  In  order  to  ba  able  to  close  the  daor 
for  the  safety  of  those  already  In  tha  shaltar.  Ont  can  easily  vtsuallaa 
tha  difficulty  of  carrying  out  tha  Mechanical  operation  under  these 
cl rcuastancas  and  this  aspect  of  tha  problea  will  not  ba  discussed  further. 

in  both  cases  under  consideration  It  would  ba  necessary  to 
provide  for  e  change  In  elevation  betwean  tha  tunnal  floor  and  tha 
shelter  floor.  One  case  would  require  a  sttp  up  Into  the  shelter  and  tha 
other  would  require  a  step  down.  This  change  In  level  Is  required  In 
order  to  be  able  to  provide  sealing  at  tha  bottoa  of  the  door  to  pravat^ 


any  IwtlAip  of  prossura  ^tthln  Cho  shaltor.  A  changa  In  alavatlon  can  ba 
provided  for  aust  aaslly  with  a  hingad  p1ata«  althar  staal*  alunlaun 
or  ttirf>ar.  aintlar  to  that  showi  In  Fig.  2.07.  ThI*  plata  could  anally 
ha  flippad  out  of  tha  way  uhaa  tha  door  la  finally  cloaad.  Mora  conplU 
catad  ayataan  could  ha  devlaad  anally  to  accoagillah  a  aafa  accaaa  to 
tha  ahaltar.  Such  aystana  would  levolva  coostdarably  nora  coat  without 
adding  algnlftcantly  to  tha  operation  of  the  ahaltar. 

(d)  Sealing.  Under  thla  heading  consideration  oust  be 
directed  to  both  tha  positive  and  negative  fdiasaa  of  tha  blast.  Tha 
discussion  herein  Is  based  on  the  assumption  that  the  hinga  Is  expected 
to  support  only  the  weight  of  tha  door  and  not  to  resist  any  of  tha  load 
from  the  blast.  On  the  contrary  In  some  cases  It  la  specifically  designed 
as  a  flexible  arrangeaient  to  penalt  the  door  to  seat  Itself  properly 
and  to  provide  a  better  deal.  In  the  event  that  a  systcai  Is  designed  so 
that  the  hinge  does  resist  some  of  the  blast  load*  special  care  will  be 
required  to  Insure  proper  sealing. 

All  of  the  systems  for  sealing*  as  well  as  for  support  tdilch 
are  discussed  later  In  this  section*  require  soma  adaptation  of  tha  basic 
structural  system  to  meet  tha  requirements  for  sealing  and  for  support* 

In  tha  case  of  a  plata  and  beam  type  door  such  an  adaptation  would  consist 
of  a  coiqilett  frama  mada  up  of  anglas  or  channels  or  a  built-up  section. 

In  tha  case  of  a  reinforced  concrata  door  soma  matalllc  elements  would 
have  to  ba  cast  Into  and  as  an  tntagral  part  of  tha  door.  For  doora 
fabricated  from  other  uotarlals  similar  arrangaments  wilt  ba  required. 

The  simplest  system  by  which  sealing  can  ha  provided  la  showa 
to  Fig.  2.08.  In  this  case  tha  frame  supporting  the  door  Is  enlarged  Im 
such  a  manner  at  to  ovartap  the  door  opening,  A  solid  or  hollow  seal 
Is  placed  around  the  complete  door  opening*  Tha  alia  of  thla  seal  will 
depend  on  Its  distance  from  tha  door  opening  and  tha  extent  of  tha 
defomatlon  of  tha  door  under  tha  positive  phase.  During  tha  positive 
phase  of  the  blast  any  deformation  of  the  door  wsuld  tend  to  rotate  the 
door  edges  In  such  a  manner  as  to  destroy  the  sealing  propartict,  Im 
addition*  tha  seal  must  ba  of  aufflclcnt  sixa  to  prevent  Its  being 
rendered  tnaffectiva  during  the  negative  phase.  The  extant  to  which  (Me 
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ts  posstbl*  ^•nds  on  the  Mechantcnl  syttMi  usnd  to  proviso  support 
durtns  this  pfMS*. 

Although  other  Mterfals  My  bo  devoloped  for  this  applleotlon* 
It  ts  suggostod  that  the  seal  be  Mda  of  a  rubber*  neoprene  or  a  butyl 
to  provide  sufficient  resiliency  for  Increased  sealing  pcitenttal  as  the 
reaction  on  this  Mterlal  Increases.  In  locations  uhere  cold  tMather 
can  be  expected,  rubber  should  be  osed  with  caution  since  It  My  becoae 
brittle  or  lose  Its  resIUcncy* 

A  seal  provided  In  this  Mnnar  can  bo  attached  to  either  the 
supporting  structure  or  to  the  door  by  Mans  of  soft  Mtal  clips  Mhtch 
win  dafor«  under  relatively  Iom  pressure.  The  hinge  supporting  the 
door  should  also  be  designed  as  a  flexible  link  so  that  It  will  be  free 
to  defom  as  the  load  ts  applied  to  the  door  and  thereby  cause  the  seal 
to  becoM  effective. 

This  systee  ts  by  far  the  slsiplest  and  requires  the  least 
accuracy  in  the  fabrication  of  the  door  Itsalf.  Rslatlvely  large 
Inaccuracies  In  door  dlMnslons  can  be  tolerated.  The  syBta«  does* 
hoMever,  require  that  the  proper  attention  be  directed  to  support  for 
the  negative  phase  of  the  blast. 

AMther  sealing  oechanlssi  Is  proposed  In  Fig.  2.09.  Ax  In  the 
previous  systan  the  fraM  supporting  the  door  It  enlerged  In  such  a 
Mnner  at  to  overlap  the  door  opening*  In  this  case  e  T-sheped  eppendege 
is  attached  to  the  face  of  the  door.  This  sppendsge  Is  Intended  to 
function  as  the  mI#  part  of  the  seal.  The  faMte  portion  of  the  teal  . 
Is  a  cast  gasket  which  is  placed  In  a  groove  In  the  supporting  structure 
around  tha  periphery  of  the  door  opening.  Soeiewhat  greater  accuracy 
will  be  required  In  the  febricatlon  and  Installation  of  such  a  aystee; 
however*  by  sloping  tha  sides  of  the  T  and  of  tha  groove  In  the  cast 
gasket  this  unit  can  be  designed  In  such  a  Mnner  that  tha  sealing 
potential  will  Increase  ax  load  lx  applied  to  tha  door,  it  will  be 
necessary  for  the  cast  gasket  on  the  vertical  side  of  the  doer  neareet 
Che  hinge  to  have  a  groove  of  a  different  design  In  order  to  peralC 
the  T^sectloe  to  Mke  e  proper  entry  when  the  doer  Is  closed* 
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Although  this  systM  requlros  sone<Nh*t‘ greater  accuracy  than 
that  previously  described  It  has  the  advantdga  of  pmidtng  good  seal  tog 
characteristics  during  the  negative  phase.  By  a  sinple  adjustnent  of 
the  depth  of  the  T-sectlon  and  the  corresponding  groove  la  the  cast 
gasket  the  expected  defomstlon  during  rebound  or  the  negative- phase 
can  be  taken  Into  account. 

Tm  additional  systaas  are  shoMi  In  Figs.  2.10  and  2.11.  Both 
of  these  systcats  regut  re.  greater  accuracy  In  both  door  dinenslons  and 
supporting  structure  dinenslons  than  the  systens  previoosly  discussed. 

In  both  cases  the  door  Is  fabricated  on  the  basis  that  It  will  enter  the 
door  opening  pfovided  and  the  sealing  characteristics  are  derived  froei 
this  fact.  In  Fig.  2.10  all  sides  of  the  door  are  tapered  as  are  the 
sides  of  the  door  opening.  At  the  point  vhere  the  door -and  the  door 
opening  are  In  contact  a  neoprene,  butyl  or  teflon  gasket  Insert  Is 
provided.  As  the  load  Is  applied  to  the  door  Its  defomstlon  autonatlcally 
Increases  the  sealing  provided.  It  Is  obvious  that  this  systen  will 
require  considerable  accuracy  In  both  the  door  dinenslons  and  the  dlnen- 
slons  of  the  opening  since  a  snail  discrepancy  could  destroy  Its  useful¬ 
ness.  This  systen  could  be  nodifled  to  require  less  accuracy  In  the 
following  nanner.  The  door  could  be  f'a'brfcated  with  square  sides  and 
the  door  opening  provided  with  taparad  sides.  By  using  c  herd  Materiel, 
for  exanple  teflon,  on  the  edge  of  the  door  end  e  softer  nnterlel  on  the 
door  opening,  for  exenpto  neoprene.  It  would  be  possible  for  the  teflon 
to  defom  the  softer  naterlel  on  the  door  opening  end  provide  en 
excellent  sent. 

Fig.  2.11  is  sonawhat  a  nodlflcatlon  of  the  system  presented 
In  Fig.  2.10  which  would  require  soewwhet  less  eccurecy  le  febricatlon. 

The  systOM  again  providas  staling  at  a  rasult  of  the  wedging  action 
Introduced  when  the  load  Is  applied  to  the  door.  In  this  case  a  tapered 
piece  of  hardware  Is  attached  to  the  doer  along  the  edges.  This  tapered 
piece  cones  Into  contact  with  e  second  tapered  piece  cast  as  an  Integral 
part  of  the  door  opening.  Either  one  or  both  of  these  tapered  pieces 
can  be  Installed  with  e  neoprene  or  butyl  gasket  atCechad  to  It.  The 
necessity  for  this  latter  ttea  can  only  be  detamlned  on  the  basis  of 
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th*  accuraqr  Mhteh  can  b«  rnqutrcd  In  the  fabrication  of  the  door  and 
la  the  construction  of  the  door  opening* 

tt  nwst  be  reawnbered  that  this  particular  systeia  could  not 
bo  used  on  the  vertical  side  of  the  door  neorest  the  hinge.  On  this 
side  of  the  door  a  systea  similar  to  that  presented  In  Fig.  2.10  would 
bo  required. 

Although  this  latter  systea  has.nany  advantages  over  all  of 
the  others  presented  It  has  ono  serious-disadvantage  which  oust  bo 
considered.  In  this  case  the  support  for  the  door  during  the  positive 
phase  of  the  loading  ts  provided  directly  by  the  sections  attached  to 
the  door  and  the  structural  eleawnt  cast  Into  the  door  opening.  There* 
fore,  the  connection  of  these  elements  to  their  respective  partners  wist 
bo  sufficiently  strong  to  resist  these  load  Intensities  without  failure* 
(e)  Support  and  Rebound.  These  two  Items  are  discussed 
together  because  of  the  manner  In  which  they  are  tnter*releted.  For  doors 
edilch  are  oounted  on  the  outside  of  the  shelter  the  support  for  the 
positive  phase  Is  provided  by  the  bearing  of  the  door  on  Its  supporting 
surfaces.  Howevert  rebound  and  negative  phase  would  require  a  separata 
support  system.  This  support  system  must  be  designed  so  that  It  will 
not  yield*  since  any  yielding  would  probebly  destroy  the  seal  provided. 

For  the  positive  phase  the  only  requirement  ts  that  the  struc* 
ture  surrounding  the  door  be  designed  end  reinforced  to  resist  the 
■mxiasw  load  which  the  door  can  resist.  This  requirement  would  most 
certainty  result  In  an  Increase  In  the  amount  of  reinforcement  In  this 
region  aid  might  possibly  require  an  tncreasa  In  the  thickness  of  the 
concrete  in  this  eraa. 

In  order  to  provide  for  the  rebound  or  the  negative  phase  the 
supporting  mechanism  should  be  designed  for  one*half  (1/2)  the  peek 
pressure  during  Che  positive  phase.  As  mentioned  above*  support  for 
this  type  of  loading  awst  be  provided  separately.  Such  e  support 
system  can  be  most  easily  provided  by  a  system  of  dogs  or  bolts  or 
pins.  The  simplest  system  which  would  Involve  the  least  cost  and  tha 
least  accuracy  In  fabrication  would  ba  a  system  of  dogs  similar  to  those 
shows  tm  Fig.  2.12.  These  dogs  provide  a  wedging  action  and*  as  such* 
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pull  the  door  Into  posit  loo  teprovid*  seating  during  faotti  tha  positive 
and  negative  phase  of  the  loading. 

The  next  systaa  which  eight  be  enployad*  I»  oc^er  of  Increasing 
accuracy  ngulced*.  %«Hild  be  a  systee  of  bolts.  In  the  cases  s4«ere  the 
doer  does  not  extend  to  tha  Inside  face  of  the  supporting  structure  It 
Is  necessary  to  provide  a  suitable  extension  In  order  that  the  bott  will 
slide  and  hear  on  the  Inside  face  of  the  supporting  structure. 

A  pint  as  used  herein*  fit  steply  a  bolt  vhlch  extends  Into  a 
hole  provided  In  the  supporting  structera.  Such  a  systea  necessarily 
requires  greater  accuracy  In  allgnaant  of  the  door  and  the  supporting 
structure  In  order  to  Insure  that  the  pins  will  sMct  tha  holes  provided 
with  a  ninlaun  of  tolerance.  The  tolerance  wist  be  kept  to  e  nlnlwM 
because  of  the  necessity  of  providing  for  adequate  seeling  during  the 
negative  phase. 

The  systaao  enuoerated  abovo  can  be  activated  singly  cr  as  a 
unit.  An  autonatic  systan  stollar  to  that  provldad  on  a  safe  door  could 
be  provided  In  such  e  sonner  that  all  units  becawa  engaged  siwiltaneously. 
Such  a  systan  Mould*  of  course*  add  to  the  cost  of  tha  door  nacfianisn 
In  proportion  to  tha  accuracy  requtrad. 

For  any  of  the  Itsns  nar.tlonad  ebwre  ^t  less  than  six  such 
dogs  or  pins  should  ha  provldad  for  any  one  door*  Ttiese  should  be 
distributed  In  such  a  nannar  as  to  provide  two  along  each  long  dlnanslon 
of  tha  door  and  ona  along  tha  short  dinwislon  of  the  door.  It  would 
be  preferable  If  the  supports  ere  placed  not  nore  then  2  ft.  center  te 
center  In  order  to  preclude  e  local  breakdown  In  the  seating  provided. 

For  the  case  In  which  the  doer  swings  Into  the  shelter  area 
tha  problew  Is  conpllcatsd  only  to  the  extent  that  tech  nschanlcal 
systees  nust  provida  for  tha  positive  phase.  For  this  reason  thair 
design  and  operation  would  ha  wore  critical  and  a  foolproof  systan 
would  ba  raquirad.  Under  such  cl rcenatancas  It  would  probably  ha 
profarahta  to  provida  a  systan  whereby  e  single  operation  would  tngtge 
ell  of  the  dogs  or  pins.  The  total  capacity  of  the  dogs  or  pins 
provided  should  ba  such  that  they  would  not  ylald  at  a  load  aquivalent 
to  tha  ylald  capacity  of  tha  doer  provldad. 


(f)  Poor  Pest  gw.  Th«r«  Is  no  p«rtlcu1.ar  distinct  ton 
bttMSfln  th«  two  typos-  of  support  except  for  those  aentloned  In  connection 
with  the  systems  necessaiy  for  support*  No  perticulaf  dl-ff’culty  it 
anticipated  for  this  itew*  but  strengthening  features  around  the 

pin  locations  or  the  dogii  will  probably  be  required. 

(g)  Psychological  Aspects.  Some  parts  of  this  problem 
have  already  been  discussed  In  connection  with  safety  and  those  mentioned 
above  are  certainly  the  most  prominent.  The  only  other  problem  from  this 
standpoint  Is  In  connection  with  the  requirements  for  opening  the  doer 
when  exit  from  the  shelter  Is  possible.  In  thn  cesn  whern  the  door 
swings  into  the  shelter  there  Is  no  difficulty.  However,  for  the  case 

In  which  the  door  swings  Into  the  entrance  corridor  the  possibility 
of  Jaeming  the  door  by  people  trying  to  enter  the  shelter  It  Increased. 

Sliding  Doors.  This,  particular  system  of  door  closure  Is 
more  dlffloilt  to  evaluate  because  ft  has  such  distinct  advantages  as 
wsti  as  disadvantages.  The  use  of  this  type  of  doer  cloeure  would  be 
dependent  primarily  on  thn  extnnt  of  Mlntenanca  during  nxtendad  period! 
of  inactivity. 

C*)  ttia  Initial  cost  of  nachanlcal  systams  for 

this  typa  of  door  isay  bn  very  slightly  highar  than  for  tha  othar  aystams. 
Howavert  thU  diffarence  In  cost  will  In  many  raspects  ba  oi^welihed  by 
othar  cons Idarat Ions.  In  tarns  of  cost  of  ths  door  itself  there  would 
be  little*  If  any*  differsnee  bstween  this  type  of  door  and  ths  hfngsd 
typs. 

Safety.  Consideration  of  this  Itsm  Indlcatss  that 
tha  horlxontal  sliding  doer  has  distinct  advantages  over  the  vertical 
sliding  door.  Tha  horlxontal  sliding  door  would  bs  sommbat  slower 
In  Its  response  to  the  signel  to  cloec  unless  some  mechenlcst  system 
wes  Instelled.  Doors  desisted  for  tha  prsasuras  consldarad  In  thia  report 
«ould  not  be  extremely  heavy  and*  If  provided  with  e  sufficient  nudber 
of  rollers*  the  eoveamnt  of  horizontal  sliding  doors  should  provide  no 
difficulty.  Thn  vertical  sliding  door*  on  tha  othar  hand*  althouj^ 
positive  In  Its  response  to  gravity  would  ba  considerably  more  dengaroua 
and  would  raqulvd  soma  buffing  system  at  floor  level. 
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\  (e)  Sealing.  Thli  ltc«  require*  that  wa  dtstlngurth 

between  doers  uhtch  slide  on  the  Inside  or  on  the  ostslda  of  the 
shelter.  For  doors  iidilch  slide  on  the  outside  of  the  actual  shelter 
entrance  sealing  for  the  positive  phase  can  be  aceoepllshed  by  a 
passive  systenof  relatively  sleple  design,  frovlslon  for  adiaquat* 
sealing  during  rebound  or  during  the  negative  phase  would  require  an 
active  systea  as  welt  as  consideration  of  the  aagnttude  of  these  two 
ItMS. 

■  •  In  the  case  where  the  doors  slide  Inside  the  shelter*  active 

sealing  would  be  required  for  the  positive  phase  *dille  the  rebound  and 
negative  phase  would  be  adequately  provided  for  by  the  passive  sealing 
provided  by  the  see*  systeai  used  previously.  Since  active  sealing 
Mechanises  are  not  easy  to  design  and  are  subject  to  considerable 
difficulty  In  operation  It  Is  aore  reasonable  to  provide  soae  systea 
tdtereby  sealing  can  be  accoapllshed  In  all  cases  by  passive  systeas. 
i  Because  of  the  deforeatlons  expected  to  occur  In  the 

structural  systea  of  the  door  and  because  of  the  dependence  of  the 
sliding  operation  on  the  geoastrlcal  configuration  of  th#  door  It  le 
necessary  that  considaratlen  ba  directad  first  to  tha  problasi  of 
guarantealng  the  sliding  action  even  after  severe  dsaege  to  the  door. 

This  is  ajst  laadlly  accoapllshed  by  freeing  tha  door  In  the  aenner 
shown  In  Fig.  2.13.  In  this  dlsgraa  we  have  shown  the  structural  door 
fraasd  within  an  asswSbIy  of  channels.  The  sixe  of  these  chennels  I* 
chosen  so  that  the  diaenslon  Is  greater  than  the  asxiaua  doforaatloo 
expected  to  occur  In  the  door.  Even  If  this  defornatlon  should  occur 
the  door  would  still  be  opersbie  since  ell  clearances  provided  will  be 
such  that  they  will  ba  able  to  ecooaaodate  the  diaenslon  ’M'*. 

The  location  of  the  sliding  door  aey  vary  end  three  likely 
locations  ere  show  In  Fig*.  2.1*.  2.15  and  2.16*  If  there  Is  e  turn 
within  the  entrance  tunnel,  the  location  shown  In  Fig.  2.14  has  several 
advantages.  It  Is  out  of  the  way  and  does  not  Interfere  with  any  other 
operations.  It  also  aay  enlarge  the  capacity  of  the  shelter  by  providing 
protection  within  the  corridor  Itself.  The  aechanical  systeas  tnportaat 
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to  tts  oporatlon  aro  aaslly  accaislbla  and  tharafora  can  eaatly  ba  . 
cxaatned  and  oalntananca  oparatlons  carriad  out  with  a  ■tntinui  of 
effort.  Flaallyf  part  of  the  support  Is  providad  by  the  corridor  wall 
and  only  oaa  auxiliary  coluan  Is  required. 

Tba  location  shown  In  Fig.  2.15  has  the  advantage  of  providing 
a  layout  «4>eraby  tha  sealing  operation  Is  easily  accoanodatad  by  passive 
systeats  for  both  tha  positive  and  iwgatlva  phases.  This  systeai  has  a 
nuaber  of  very  serious  disadvantages  which  restricts  Its  use  to  those 
situations  la  which  no  other  systai  Is  appropriate.  First*  oalntananca 
Is  axtreaely  difficult*  If  not  lapossibla  since  tha  doer  Is  stored  la 
a  slot  provided  between  tha  corridor  wall  and  tha  shelter  wall. 

Secondly,  and  very  laportant*  Is  that  this  appendage  to  tha  entrance 
tunnel  provided  for  storage  of  the  door  presents  serious  problcao  with 
respect  to  Its  design.  Finally,  there  Is  the  problea  thet  In  the  event 
debris  94rts  Into  the  char^tel  In  which  the  door  rides  or  In  tha  cavity 
in  which  it  Is  stored  It  nay  be  ta|>os$tble  to  open  It  adien  exit  fro« 
the  shelter  bacoBMt  possible. 

The  final  location  to  ba  considared  Is  actually  In  tha  shalter. 
This  systca  Is  very  stnilar  to  the  systeai  shown  In  Fig.  2, Id  In  thet  ell 
of  the  ecchaoisw  is  quite  accessible.  However*  es  shown  In  Fig.  2.l6*thU 
particular  arrengeaent  requires  two  coluans  for  support  during  tha 
positive  phase.  It  Is  prefereble  that  these  coluans  be  such  that  this 
toed  is  not  transateted  to  the  shelter  Itself. 

As  aentioned  eerller  in  this  discussion  ectlve  seels  ere 
difficult  to  provide  end  soaewhat  uncertain  In  their  operetloa. 
Consideration  aust  therefore  be  given  to  aeeas  for  providing  passive 
seels  to  ecooaplish  the  nccessery  Isoletlon  of  the  shelter.  For  the 
case  shown  In  Fig.  2, IS  It  Hes  been  pointrrf  out  thet  this  Is  teken  cere 
of  eutOBStIcelly  and  seels  of  the  typo  shown  in  Fig.  2.08  will  suffice. 

It  Is  necessery  to  edd  soae  edditlonel  aechenical  Systea  to 
the  doors  la  the  case  of  the  configuration  shown  In  Figs.  2.14  and  2.16. 

A  relatively  staple  end  inexpensive  systea  %<hereby  this  can  be  eccoapiished 
Is  sketched  In  Ffg.  2.12.  in  this  systea  the  main  structurel  door  Is 
attached  to  a  fraae  of  channels  which  la  turn  Is  connected  through  a 
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sert«s  of  elongated  slots  to  a  second  fraae  of  channels.  7110  door  cm 
now  be  Moved  In  such  a  Manner  that  It  Is  forced  Into  position  with  eao 
channel  franw  conpressing  a  passive  seal  against  one  face  and  the  other 
channel  fraoM  conpressing  a  second  set  of  passive  seals  against  the  other 
supporting  face. 

HoveMent  of  these  channel  fraoes  can  be  acconpllshed  In  any 
of  several  ways.  A  series  of  screw  Jacks  provided  around  the  perfaacer 
kould  pemit  the  channel  franes  to  be  extended  until  adequate  sealing 
had  bean  provided.  This  particular  systen  would  be  e  little  slow.  A 
better  Method  would  be  to  provide  a  wedga  in  tha  fom  of  a  can  %4ilch 
when  rotated  approxinately  dO  degrees  would  force  the  door  Into  position. 
The  final  systea,  which  Is  the  nost  desirable*  but  also  the  aost 
expensive*  Incorporates  a  pre*^rassurlzed  hydraulic  or  gas  operatai 
systen  connected  to  a  set  of  Jacks  around  tha  parlnater  of  the  door. 

Such  a  systen  would  have  four  distinct  advanteges.  First*  It  would  bo 
quick  acting  and  would  requlra  noveaent  of  a  tlngla  valve  In  ordar  to 
actuate  the  systen.  Second*  the  pressure  within  the  systen  wonld  bn 
capable  of  correcting  for  any  defornatlon  which  night  occur  In  tha 
prlawry  supporting  structure  provided  It  Is  not  excessive.  Third*  m 
auxiliary  hand  operated  systen  could  be  Incorporeted  to  pemit  operation 
of  the  systw  In  the  event  of  a  loss  of  pressure.  Finally*  pressere 
within  the  systen  could  be  rcnoved  by  bleeding  off  aone  of  the  gas  nr 
hydraulic  fluid.  This  systen  therefore  Incorporetes  ell  of  the  nost 
desirable  features  of  a  seeling  systen. 

(d)  Support  and  Rebound.  It  has  already  been  shown  tew 
the  support  systen  could  be  provided.  For  the  case  shown  to  Fig.  2.IS* 
conventional  procedures  of  designing  for  blast  loading  would  peraft 
calculation  of  tha  reqwl resents  for  relnforcenent  needed. 

In  the  cases  shown  In  Figs.  2.14  and  2.16  It  Is  also  relatively 
easy  to  provide  support  end  conventional  procedures  can  be  used.  Iltuaver* 
In  these  cases  It  Is  necessary  to  design  the  supporting  colunns  for  the 
positive  phase  In  such  a  Manner  that  little*  If  any*  plastic  defomettoN 
results.  This  requirenent  nest  be  reviewed  In  the  light  of  the  systen 
provided  for  the  proper  operetlcn  of  the  seel. 
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(•)  Ooer  Sliding  <k>ors  off advantas* 

ev«r  tha  htngad  doors  sinca  they  are  supported  on  all  four  odget. 

Howevaft  In  view  of  the  luttreawly  light  construction  required  for  the 
pressure  levels  being  considered  It  Is  doubtful  that  this  particular 
Itea  would  provide  a  substantial  saving  In  cost* 

(f)  Psychological  Aspects.  The  prlaary  advantage  of 
the  sliding  door  ayttea  Is  that  the  entranco  tunher  Ts  coepletefy 
unobstructed  by  any  part  of  tha  door  Itself  or  by  any  hardware  associated 
with  iti  operetloa. 

2.06  OPEMTION  CONCEPT 

As  has  been  previously  discussed*  tsany  factors  other  then 
technical  design  considerations  effect  the  selection  of  an  entrance 
systeeit  Soac  of  these  ere  psychological  *  while  others  have  to  do 
solely  with  the  operation  of  the  shelter  Itself.  One  of  the  factors 
that  SMlt  be  considered  Is  the  actual  opening  and  closing  of  the  shelter 
door  or  doors.  Vho*  when  and  how?  The  answer  to  the  first  must  rest 
with  the  preoccupancy  planning.  The  answer  to  the  other  two  era  not 
as  slMple* 

In  tha  first  place  It  1$  unreasonable  to  expect  that  all  or 
even  •  Urge  percentage  of  the  shelter  occupants  will  arrive  at  the 
seme  tlwi*  The  questloo  ''Should  the  door  be  opened  and  thereby  endanger 
all  who  already  ere  In  the  shelter?"  laust  be  answered.  The  only  Meant 
by  which  those  already  In  the  shelter  can  be  protected  v4ien  the  door 
Is  opened  If  by  the  Incorporation  of  a  double^door  Interlock  systen* 

In  which  only  one  door  Is  opened  during  the  taalnent  danger  period. 

The  major  disadvantages  are  that  the  Interlock  systew  will  slow  down 
the  Ingress  rate  when  one  door  Is  closed  and  that  the  cost  will  be 
Increaied.  Such  en  Interlock  systCM  could  have  one  exterior  surface 
door  end  an  Interior  corridor  door,  or  havo  two  Interior  corridor 
doors  with  the  corridor  cIcMent  between.  There  Is  no  analytical  means 
of  deciding  whether  or  not  to  Incorporate  an  Interlock  system,  it  nust 
be  resolved  solely  by  weighing  the  advantages  and  disadvantages  for  a 
partUuUr  case. 


.'.'fnrrr,  ^  *■ 


Sac.  2M 


Om  of  the  other  problow  rototod  to  the  ontraoco  syft«o  to 
tho  •MM*  MOiial  or  wchoolcat*  by  which  Cha  door  la  closad.  Vadar 
sow  clrcuwtaocas*  luch  as  with  a  heavy  door*  thera  caa  ba  oo  ^oestloa 
but  that  a  Mchanlsa  aust  ba  usad  to  closa  tha  door.  It  aay  ba  a  slaplo 
Jsch  or  a  lavar  or  a  block  and  tackle*  but  It  Is  still  a  Mans  of 
obtalalng  wchaalcal  advantage.  In  geoaral  any  such  MChaatsa  wilt 
toad  to  slow  tho  closing  and  opening  oparatloa.  ft  fiw  tha  addltfooal 
disadvantagw  that  tha  aechantsa  oust  ba  Mlntalnad  to  oporabla 
condition  and  that  the  person  operating  tha  door  say  or  aay  not  ba 
able  to  rttala  direct  control. 

Manual  operation  has  the  advantage  of  stapllcity  of  dotal  Is 
and  better  operator  control. 
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CHAPTER  3.  OtHENS  IONS  AHD  6E0METRY/0F  ENTRANCE  SYSTEHS 
3.01  INTRODUCTION 

In  this  chapter*  the  dtnenslons  of  entrance  elciaents  and  the 
coabtnatloir  o#  theso  oteiiants  Into  possthto  fcooatrtes  or  ayatann  or* 
discussed  primarily  from  the  point  of  view  of  traffic  safety  and  of  their 
rc!ationsh{p.  to  traffic  flow.  The  effect  of  these  dlmanslont  and  geoaMtrtei 
on  blast  loading  and  redlattoa  levels  Is  discussed  in  Chapters  5  and 

3.02  DIMENSIONS  OF  ENTRANCE  SYSTEM  ELENENn 

As  stated  previously*  the  criteria  used  In  the  selection  of 
recommended  dimensions  are  luxlmum  traffic  safety  and  flow  under  conditloee 
of  emotional  stress  conducive  to  accidents  or  panic.  Since  shelter  experl- 
ence  Is  not  available*  at  least  In  terms  that  are  Inmedlately  applicable* 
the  dimensions  ere  derived  from  the  comparable  conditions  which  dictate 
the  design  of  exits  from  places  of  assembly*  taking  Into  consideration  Che 
differences  In  traffic  direction  discussed  In  Chapter  2* 

The  dimensions  and  restrictions  recommended  below  have  been 
standardised  over  the  past  fifty  years  and  thus  comply  with  all  bulldinf 
codes.  However*  In  order  to  reconcile  the  small  variances  existing  betweem 
local  ordinances  the  model  code  published  by  the  National  Fire  Protectlom 
Association  (Ref.  3.01)  has  been  used  as  a  guide. 

In  this  model  code*  the  basic  concept  governing  the  width  of 
exit  elements*  I.e.*  doorways*  corridors,  stairs  and  ramps*  Is  termed  the 
unit  of  exit.  It  Is  fixed  at  22  In.  and  defined  es  the  space  nacessery  for 
the  free  passage  of  one  file  of  persons.  Exit  elements  are  then  described 
In  terms  of  nuiSber  of  units*  e.g.*  one«unlt  doorway*  two-unit  hallway*  etc. 
Additional  fractions  of  unit  are  considered  useless  except  thst  an  Increment 
of  12  In.  is  rated  as  a  half-unit  because  It  Increases  flow  capacity  by 
parmlttlng  an  Intermadlata  staggared  flit;  a.g.«  a  34  In.  wlda  opening  beooees 
a  one-and-a-half  unit  doorway.  SInct  tha  unit  of  width  concept  Is  based 
on  the  minimum  dimensions  allowing  free  traffic  flow*  It  Is  applicable  tm 
either  exit  or  entry,  it  Is  recommended*  therefore*  that  It  be  used  In 
the  design  of  shelter  entrances  end  has  been  so  used  In  this  study. 
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The  folloMlnf  recooBsended  dtsenslons  and  details  have  bece 
Incorporated  la  the  example  das  1 91  Included  In  Chapters* 

1)  tteorwavs.  The  alnlaus  width  Is  the  unit  of  width*  I.e.* 

22  !j(.«  measured  in  the  clear  except  that  total  projection  for  jaab  does 
not  exceed  S  In.  and*  for  rails  at  waist  height*  3  1/Z  In.*  thus  reducfaf 
rntnlmum  unobstructed  width  to  20  and  I8  1/2  In*  respectively*  the  mxIwm 
allowable  width  of  single  leaf  door  It  44  In.  Tha  mfiilmMi  headroom  Is 

6  ft.  h  la.  in  all  exit  codes  the  swing  of  the  door  is  specified  to  be  lt» 
tha  direction  of  the  traffic  which*  for  exit  systems*  Is  outwcrd*  In  order 
to  prevent  obstruction  and  casualties.  For  shelter  systems*  the  flow  of 
emergency  traffic*  conducive  to  panic  or  casualties*  If  undue  rastrlctloe 
occurs*  Is  Inward.  Everything  being  egual  therefore  end  om  the  bests  of 
pest  emergency  experience*  the  door  should  be  desisted  to  swing  inward* 
since  exit  from  the  shelter  is  not  likely  to  deeuind  maxieHim  traffic  flew. 
However*  the  swing  of  the  door  entails  structural-  problems  I<a  connection 
with  the  blest  toading*  the  response  of  the  <k}or  end  the  Jeob  or  frame 
details.  Provisions  for  shelter  management  will  also  affact  the  uttimatt 
direction  and  system  of  cloture.  These  factors  era  discussed  to  other 
chapters. 

2)  Corridors.  The  unit-of«wIdtb  concept  is  eppitceble  for 
corridors*  except  that  tha  minimum  ailowabta  width  Is  30  In.  Total 
rastriction  of  2  In.  for  jaabs  and  3  1/2  in.  for  rails  ol  waist  height 
are  allowed*  thus  reducing  minimum  clear  width  to  28  Im.  and  26  1/2  In. 

In  tha  clear.  One  waist-high  handrail  must  be  provided  per  unit  of  width. 

It  is  recommended  that  tha  minimum  unobstructed  headroom  be  7  ft.-O  In. 
for  corridors  of  two-units  or  less  end  for  8  ft.-O  In.  corridors  wider 
than  two-units. 

3)  kawps.  Allowable  width*  headroom  end  handrail  specified  for 
hallways  arc  applicable  to  ramps.  The  maximum  allowable  slope  Is  10  parcel^ 
(]•  In  10'). 

4)  Stairs.  Tha  unit-of-wldth  concept  ts  applicable  for  stairs 
except  that  tha  minlMum  ailowtbla  width  for  a  single  stair  run  batwaan  two 
solid  wails  Is  30  in.*  and  tha  minimum  width  for  a  double  stair  run 
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fs. 

sipcrited  by  a  railing  and  housad  In  a  singla  statrwall  bat«M«n  solid 
walls  Is  48  In.  Total  rail  projection  Is  not  to  exceed  3  1/2  In.  The 
depth  of  landings  oust  not  be  less  than  the  allowable  width  of  the  stair 
run*  Height  between  lendings  aust  not  exceed  8  ft*-8  to*. 

Local  codes  regarding  allowable  diaenslons  of  risers  and  runs 
(treads  less  nosings)  are  by  no  acans  uniform  but  the  variances  are  not 
slgptftcant*  A  naxlaum  riser  height  of  7  3/4  In.  and  a  mlnlMim  run  of 
9  1/2  In.  plus  I  t/2  tn.  nosing  Is  reco— ended.  It  mst  bo  emphasised* 
however,  that  good  design  practice  tends  toward  a  slope  less. steep 
than  the  eaxlnum  allowable,  that  the  stairs  are  the  most  critical  element 
of  the  entrance  system  from  a  traffic  point  of  view,  and  that  the  extra 
cost  to  obtain  maximum  traffic  safety  Is  trivial. 

Summary.  The  dimensions  of  the  entrance  system  elements  are 
summarized  In  Table  3.01 

3.03  EKTKANCE  TMFFIC  RATES 

1)  fieneral .  The  traffic  capacity  of  the  22  In.  unit  width 
recommended  In  the  codes  ov  the  National  Fire  Frotectlion  Association  are 
given  as  60  persons  per  minute  per  unit  for  a  leval  doorway  or  hallway  and 
as  45  persons  per  minute  per  unit  for  a  descending  stairway.  These  rates 
are  stated  to  correspond  to  an  evacuation  time  of  1  minute  40  seconds, 
exclusive  of  the  time  necessary  for  the  first  person  to  reach  the  doorway 
and  for  the  last  person  to  reach  safety.  Accordingly,  for  an  exit  system 
composed  of  horizontal  elements  and  a  stairway,  the  latter  rate  controls 
the  rate  of  the  total  syrtem.  A  balanced  system  tharafore  requires  at 
least  a  1  unit  doorway  with  a  1  1/2  unit  dtairway  or,  better  still,  a  1  1/2 
unit  doorway  with  a  2  unit  stairway.  Tha  sama  proportions  apply  to  ramps 
whosa  slop#  art  10  parcent  or  staaper. 

All  tha  aval  labia  data  ralavant  to  parsonnti  traffic  on  which 
thesa  codes  are  presumably  based  were  reviewed  and  analyzed  In  e  study  of 
military  shelters  by  Armour  Research  Foundation  (Ref.  3.02).  The  amount 
of  date  Is  not  large  end  consists  of  measurements  of  many  different  condi** 
tions  including  fire  drills  In  schools,  sidewalk  end  cross  street  traffic. 


mil  tKHir  flow  at  railroad  and  sakway  itatlons*  ttadliw  cro«#d>*  ad  hoe 
stadias  of  stairs*  raaps  aad  hallways*  ate.  Tha  tast  procadaras  also 
vary  wldaly  and  all  tha  factors  affactlap  tha  rasalts  ara  not  adaqaataly 
raportad  so  that  tha  darivad  traffic  ratas  by  no  acans  aspratt  tha  fall 
potantfaT  capacity  of  oach  typo  of  passagaway  undbr  conditions  of  traffTc 
stliwlatad  by  tha  approach  of  dangar.  Navarthalass*  ones  raducad  to 
ceaparabla  critarla  tha  data  ara  fairly  conslstant*  wtthoat  undaa  scattar^ 
and  vary  llkaly  qulta  raprasantatlva  of  tha  randna  charactar  of  whdlsctpllasd 
civilian  traffic  and  of  tha  unpradictabla  conditions  which  ^  axlst  at 
start  ttiaa* 

Puraly  qualttattva  and  dally  obsarvatlons*  wharavar  coaaantratad 
traffic  occurs*  show  that  traffic  rates  ara  dtractiy  dapandant  oo  both 
valocity  of  oottoa  and  danslty  of  traffic.  Naxiaua  flow  occurs  at 
raiatlvaiy  low  danslty  wham  aach  parson  Is  saparatad  in  thii  dirtetloa 
of  •ottoa  by  at  iaast  tha  langth  of  a  full  stap  and  at  raiatlvaiy  low 
valocity.  VNnavar  tha  objactiva  of  tha  traffic  tasts  Included  valocity 
aad  density  ocasuroMntt*  the  results  quantitativaly  conflm  tha  raadoa 
ahsarvatioiia. 

2)  Stai rs.  Sonsidaring  first  tha  problaai  of  daseanding  stairway 
traffic*  which  la  awst  cases  will  control  tha  ovarall  rata  of  shaltar 
aatry*  past  tasts  show  avaraga  flow  rates  ranging  from  20  to  S3  parseas/unlt 
wldth/wlnuta  and  a  uaaa  rata  of  32.  Peak  ratas  hava  baan  uaasurad  at  62 
Md  corresponding  velocities  range  frou  1.32  to  2.2  uph.  Ham  accurata 
and  ntaningful  tests  hava  baan  conducted  In  Parts  and  Undon.  Using  fifa* 
awn  as  subjects*  tha  Paris  Ftm  Brigads  waasurad  traffic  ratas  on  dascaodlng 
stairs  of  51  parsons/21  In.  unit  width/atmita  for  norsial  walklny  pace  and 
of  73  for  hurriad  pace  without  pushing.  These  rates*  obtained  with  trained 
and  dlscipilnad  nan*  correspond  to  optlMHs  danslty  of  about  8  sq.  HJ 
parson  and  velocity  of  about  3  nph.  Tha  London  Transport  Authority  has 
conducted  a  nunbar  of  tasts  and  publlshad  suggested  traffic  ratas  for  design 
purposes  of  38  parsons  per  unit  par  uinuta  with  corresponding  danslty  of 
6.5  sq.ft  ./parson.  Aruour  Aasaarch  Foundation  (Nf.  3.02}  on  tha  basis  of 
tba  Paris  and  London  data  cowputas  a  possible  peak  rata  of  80  parsons  par 
wait  par  olnuto  for  a  valocity  of  3.90  uph  and  a  danslty  of  8  sq.ft  ./parson. 
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'Th*  traffic  ratu  averaged  froa  the  data  on  ftair  datcant  are  loMcr  than 
those  ractvandad  hy  the  National  Fire  Frotactlon  Association  (Ref.  3.01). 
Moatverc  the  peak  rates  based  on  higher  velocity  and  sure  purposefel 
traffic  dliractloa  axe  euch  higher* 

Considering  the  quality  of  the  data  and  the  design  requt rawnts* 
an  average  rata  of  40  persons  and  a  peak  rata  of  60  persons/unlt  width/per 
aifmite*  corresponding  to  an  optrssaa  density  of  6  to  8  square  ft.  per 
person*  has  been  used  In  the  lllestrative.exaaple  of  Chapter  9. 

3)  Corridors.  With  reference  to  traffic  rates  through  level 
corridors  and  doors*  the  nost  coeparable  and  significant  ■aasured  rates 


are  Rotated  as  follows  (Ref.  3.02)t 

Observation  Farsons/2t  In.  unit  wldth/silnute 

Rochester*  N.Y.  fire  drills 

Average  rate  40 

Peak  rata  77 

Railroad  station  rush  hour 

One  Minute  flow  38 

Irltlsh  fire  drills 

Average  rate  47 

Paris  fire  drills 

Norwal  walking  pace  3$ 

Harried  pace  without  pushing  48 

Hurried  pace  with  pushing  64 

London  Transport  Authority  (toys  Test) 

Average  rata  40-S0 

Peak  rata  70-90 

London  Transport  Authority  (passengers) 

Average  rete  S6 

Peak  rata  70 

The  AnuHir  Research  Foundation  (Ref.  3,02)  analyals  of  Che  above 


data  shows  that  peak  rates  occur  at  densities  of  8  to  10  sq.  ft.  par  parson 
and  that  average  rates  can  be  expected  with  densities  up  to  4  sq.  ft.  per 
person.  At  higher  densities*  say  3  to  2.5  sq.  ft.  per  person*  the  choke 
point  Is  reeched  and  traffic  stops.  Peak  rates  correspond  to  4-S  nph 
velocities  end  average  rates  to  I.S  •>  2  siph. 


S«e.  3.0 


As  In  the  case  of  stair  traffic  rates,  the  level  rates  derived 
fixm  actual  neasurenents  differ  somewhat  from  the  design  rates  specified 
in  the  National  Fire  Protection  Association  codes  (Ref.  3.01).  The  test 
data  suggest  recoemended  average  rates  of  SO  persons  and  peak  rates  of 
70  persons/un  I  t/mlnute.  These  mtes  bracket  the  cocfe  exit  rates  an^  are 
consistent  with  observed  differences  between  level  and  descending  stair 
traffic. 

Ramps.  The  effect  of  sloping  ramps  on  traffic  Is  not  pro* 
nouneed,  nor  are  the  measurements  reliable.  Expressing  the  descending 
reap  rates  as  a  percent  of  level  traffic.  Armour  Research  Foundation 
(Ref.  3.02)  estimates  these  rates  as  follows: 


Level  hallway 

100% 

S%  ramp 

99 

lOX  raep 

91 

12% 

93 

These  adjustment  factors  for  ramps  appear  gulta  small  and  their 
Implied  accuracy  too  fina  to  have  any  design  significance.  Raaip  traffic 
rates  should  therefore  ba  considered  as  eguat  to  level  retea. 

5)  NCEt  Test.  A  unique  test  of  shelter  entrance  traffic  vali¬ 
dates  the  traffic  ratas  discussed  and  recommended  In  the  preceding 
paragraphs.  The  test  was  conducted  at  the  Meval  Civil  Engineering  laboratory* 
Port  Kueneme,  California  and  used  the  standard  Itavy  buried  arch  shelter. 

The  entrance  of  the  Navy  shelter  Is  e  above-ground  steel 
hatch  opening  on  a  24  In.  wida  stairway  with  a  4S^  slope  (0  In.  risers  and 
9  In.  treads).  The  stairway  opens  straight  Into  the  shelter  In  the 
direction  of  the  long  exis.  Navy  personnel  were  ordered  to  enter  the  sheltar 
at  ordinary  military  pace,  without  hurrying  and  observing  'V>rderly** 
behavior.  The  men  came  from  stations  100  ft.  to  200  ft.  distant  and 
converged  on  the  entrance  without  producing  any  waiting  queue  or  bunch  et 
the  hatch  door.  The  rate  of  entry  was  40  men  per  minute.  Photographic 
records  show  an  average  spacing  between  men  of  so»e»4ist  more  than  3  ft. 
corresponding  to  a  density  of  about  8  sq.  ft.  per  man,  and  to  a  velocity 
of  about  1.75  mph.  According  to  observers,  a  more  hurried  pace  would  have 
been  possible  end  tould  have  resulted  In  a  higher  peak  rate. 
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3.P4  GEOMETRY  OF  ENTRANCE  SYSTEMS 

A  number  of  tysttm  getmcries  are  possible  which  variously 
combine  the  depth  (stairway  or  ramp),  landing,  corridor,  or  door 
elements,  that  will  provide  a  satisfactory  solution  to  the  set  of 
restraints  or  requirements  of  a  particular  shalter.  Such  confTguratfons 
will  usually  begin  with  a  depth  element  leading  from  the  ground  surface 
to  the  level  of  or  above  tha  shelter,  thence  to  a  corridor  to  the  shelter. 
These  may  take  the  basic  form  of  a  straight  line,  an  angle,  a  or 
a  **U**  (Fig.  3.01)  or  a  combination  of  any  of  these  basic  types  (Figs. 

3.02,  3.03,  3.04.  and  3.05). 

1)  General  Coosiderattoos.  In  determining  the  geometry  of 
an  entrance  system,  the  following  must  be  considered: 

(e)  In  order  to  minimize  the  redletlon  contribution 
through  en  open  stelrweli,  the  eteirwell  should  be  es  narrow  as  possible 
end  es  steep  es  possible  consistent  with  building  codes. 

(b)  In  orddr  to  minimize  the  redietlon  contribution  through 
the  roof  of  the  entrence  system.  It  le  necessary  to  descend  to  the  level 
of  the  shelter  prcs»«r  es  qttickly  es  possible.  A  lerger  overhead  mess 
thlckAuss  mey  be  etCetned  im  e  shorter  time  with  e  steeper  steirwey. 

(c)  Xn  order  to  increese  Che  redietlon  protection  end  to 
prevent  the  blest  wave  frcmi  re-forming  as  an  ideal  shock  front,  saveral 
eltamating  short  lengths  of  corridor  and  9o'^  bands  ara  dasirable. 

(d)  Additional  corridor  length  attanuatas  both  prompt 
gamma  and  neutron  radiation  end  residual  gamma  redietlon.  However,  m 
length  of  streight  corrldcw  on  the  order  of  5  to  10  corridor  diemetare 
will  permit  Che  blest  wave  to  reconstitute  itself. 

(e)  Turns  end  oorridor  lengths,  while  beneficial  from  tho 
blast  and  radiation  atandpolnt,  require  additional  real  estate,  excavation, 
materials,  ate. 

(f)  If  entrance  alamwits  ara  oriented  00^  or  greater  apart 
from  one  another,  the  possibility  of  a  burst  being  directly  In  line  with 
more  than  one  opening  Is  eliminated. 

(g)  funding  codes  requirements  es  to  widths,  risers 
end  treads,  heights  of  corridori,  heights  batwaan  landings,  nuatwrs  of 
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exits,  etc.,  Must  be  considered. 

2)  Streiqht  Line  Entrence.  A  stretght  line  entreoce  (FI9. 

3.01)  hes  the  edventages  of  staple  fonetng  end  construction  end  of  being 
perticulerly  suited  for  e  long,  nerroM  site,  c.g.»  under  e  htg^Mey* 
However,  in  addition  to  the  disadvantages  of  requiring  an  excessive 
aaount  of  real  estate  and  long  excavation.  It  affords  relatively  ainor 
blast  and  radiation  protection.  Further,  It  nay  have  a  psychological 
drawback  la  that  people  entering. the  shelter  are  staring  down  a  long 
tunnel. 

3)  **U**  Entrance.  At  the  other  end  of  the  spectrua  free 
the  streight  line  entrance  Is  the  '^i**  entrance  (Fig.  3.01).  Hot  only 
does  such  an  entrance  configuration  require  aux:h  less  space,  thus 
peraitting  Its  use  In  restricted  erees  end  requiring  auch  less  excevetion. 
It  provides  the  optiaua  In  blast  and  radiation  protection.  The  short 
lengths  of  corridors  end  90^  bends  provide  excellent  ettenuetioo  for 

the  redietion  end  prevent  the  blest  weve  froM  reconstituting.  Likewise, 
froa  e  psychologicet  stendpoint,  the  lengths  of  the  Indivlduet  corridors 
tre  reletively  short  end  do  not  give  the  eppeerence  of  unending  tunnels. 

4)  Angled  end  **!**  Entrence.  Interaedlete  betwiNo  the  streight 
line  entrence  Mid  the  'Ti**  entrence  ere  the  engled  entrence  end  the 

"2**  entrence.  Theee  entrences  require  et  least  tha  saae  or  possibly 
ex>re  real  estate  then  the  streight  entrence.  Although  they  provide  aore 
redietion  end  blest  protection  then  the  etraight  line  entrence,  they 
in  generel  will  provide  lets  radiation  and  blast  protection  then  the 
entrance. 

5)  Cowblnation  of  geslc  Entrance  Tvpes.  The  capecity  of  an 
Individual  shelter  aight  require  the  coablnetlon  of  the  basic  entrence 
types  for  one  entrancewey.  For  instance,  for  an  entrance  of  several 
unit  widths,  it  aay  be  desirable  to  use  several  saaller  depth  eleaente 
feeding  into  e  coeaon  corridor  eleaent.  Likewise  It  aight  be  desirable 
to  have  e  single  depth  elewent  of  Several  unit  widths  serving  several 
shelters  by  aeans  of  Individual  corridors  after  the  depth  eleaent. 
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(•)  WuttTpTe  Pepth  CTewents.  IJn.  €X8«pT«  of  auUFpte  depth 
elements  entering  a  coonon  corridor  leading  to  a  single  shelter  ts 
Illustrated  In  Figs.  3.02  and  3.03.  By  separating  the  depth  elements, 
congestion  at  the  surface  nay  be  reduced.  By  orienting  the  depth  elements 
180** »  tbm  radlattom  contrlbutlo*  through  the  entranceway-  fs  reduced^ 

(b)  Hultiple  Shelters.  Examples  of  single  entraneeMsys 
serving  ewltlple  shelters  are  Illustrated  In  Figs.  3.04  and  3.05.  Such 
entrance  configurations  might  be  dictated  by  restricted  real  estate, 
particularly  In  the  case  cf  shelters  In  the  basement  of  buildings 
surrounding  a  court  yard.. 
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IV^LE  3.01 

DIMENSIONS  OF  EtEHENTS 


ELENEKT 


DIHENSIOttS 


WIDTH 


Mlnlnuat  (one  unit) 

22‘* 

>  6*-6*« 

MaxiauB:*(twa  units) 

44'* 

• 

Corridors** 

Miniawm 

30** 

>  7*-0**  (less  than 

Stairs*** 

Single 

30** 

44**  width) 

>  8‘-0*'  (more  than 

44”  width) 

<  8*-6**  between  landings 

*S ingle  leer 

^Also  reaps  with  less  than  iOX  slope 
***Riser$  <  7-3/4**;  run  >  9-1/2 


Balenced  Systems: 

1.  At  least  1-unit  iloorway  (22**)  with  1-1/2  unit  stairway  (34*^ 

2.  Better  is  1-1/2  unit  doorway  (34**)  with  2-4mlt  stairway  (44*' 


Down~®“ 


Straight  Line  Entrance 


Angled  Entrance 


Down 


"u"  Entrance 


Fie.  3.01  BASIC  ENTRANCE  TYPES 


ShettM 


Plan  View 


FIG.  3.03  MULTIPLE  DEPTH  ELEMEMT  SERVING  SINGLE  SHELTER 


Plon  View 


FIG.  3.04  SINGLE  DEPTH  ELEHENT  SERVING  NULTIPU  SHELTERS 
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I  Sh«lter  i 


Plan  View 


FIG.  3. OS  MULTim  DEPTH  ELEMEHTS  SERVIHG  WJtTiPU  SHELTtlW 


CHAPTER  ♦-  VEMTIUTIOM  SYSTEHS 

4.0t  INTROOUCTiOK 

The  prime  objective  of  this  chapter  Is  to  discuss  aed  state  tha 
specific  assuBS>tions  made  In  relation  to  the  ventilating  system.  Although 
all  elements  of  the  ventilating  system  are  Included*  they  are  discussed 
only  as  they  Influence  Che  air  Intake  or  exhaust  sCructures»  Including  blast 
valves. 

4.02  ELEHEKTS  OF  VEMTIUTIOM  SYSTEM 

Any  shelter  which  Is  to  house  a  large  number  of  people  In  a 
minimum  space  ewst  have  a  forced  air  ventilation  system.  As  a  minimum  such 
a  system  would  consist  of  air  Intake  and  exhaust  passages  and  a  means  of 
forcing  the  air  to  circulate.  As  both  the  pressure  and  sixa  of  weapon  for 
%4ilch  a  shelter  Is  to  provide  protection  Increase*  the  ventilating  system 
becomes  mare  complex.  For  the  pressure  levels  and  weapon  yields  considered 
In  this  report  the  minimum  additional  equipment  required  womld  be  a  blast 
valve  or  mechanism  for  restricting  the  flow  through  each  vamtllatlon 
passage  during  the  period  that  tha  shelter  Is  subjected  to  high  pressure. 

If  It  Is  economicelly  feasible  to  provide  e  higher  level  of  protection* 
both  particulate  and  gas  filters  should  be  edded  to  the  system.  Although 
no  consideration  will  be  given  In  this  report  to  the  possible  requireswnt 
for  filtering  chemical  and  biological  warfare  agents  from  the  Incoming  air* 
It  Is  believed  that  provision  should  be  made  In  the  design  of  the  ventila¬ 
tion  system  for  future  Installation  of  such  e  filter  unit. 

For  community  shelters*  In  wlilch  large  numbers  of  people  are  to 
be  eccommodated  It  Is  Impractical  to  consider  manually  operated  air  hendling 
units  such  as  those  recommended  for  family  fallout  shelters.  The  United 
capacity  of  this  type  unit  would  require  that  a  large  number  of  them  be 
Installed*  thus  Increasing  the  problem  of  protection  against  blast  end  tha 
maintenance  requirement.  In  addition,  the  operation  of  such  vnits  would 
Increase  the  buildup  of  CO^*  the  rate  of  oxygen  depletion*  aad  the  buildup 
of  heat  and  humidity  within  the  structure*  thus  Increasing  the  vent  1 1  at  I  on 
requirement.  The  labor  expended  In  tha  manual  operation  of  thasa  units 
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would  require  that  aara  watar  and  food  ha  furnished  than  that  required 
for  survival  under  the  assuaed  conditions  or  planned  for  couaunlty 
shelter  stocks. 

Air  handling  units  which  are  driven  by  olectric  aotors  would 
be  each  aon  satisfactory  than  aanuarty  operated  units.  A  source  or 
electrical  power  Is  required  for  lighting  the  shelter  and  this  source 
should  be  of  sufficient  capacity  to  provide  powar  for  tha  aotors.  The 
electrical  povar  could  be  provided  by  the  nonnal  electrical  distribution 
systea  during  periods  of  preparedness  before  an  attack.  Nowevar.  It  aust 
be  Msuaed  that  the  nonoal  source  of  power  would  be  disabled  by  any  attack 
and  ea  eaergency  source  of  power  aust  be  provided.  The  aost  practical  way 
to  provide  eaergency  power  would  he  with  gasoline  or  diesel  aotor-generator 
sets.  All  combustion  engines  require  large  quantities  of  air  for  both 
coolleg  and  tha  coebustlcn  process.  The  location  of  such  an  eaargancy 
power  syston  within  tha  sheltar  would  tncraasa  tha  total  voluae  of  air 
which  tha  sheltar  ventilating  systaa  aust  handle  by  an  order  of  aagnitude. 

The  location  of  the  eaargency  power  unit  tharefore  graatly  effects  the  site 
of  tbe  ventilating  systaa  required  for  the  shelter. 

When  power  operated  air  handling  units  and  ftltar  systaas  are 
utilized  for  a  shelter  the  Italtatlon  on  the  pressure  buildup  within  the 
ventilating  systaa  becoaes  auch  aora  stringent.  Both  of  these  types  of 
equipaant  cannot  be  subjected  to  large  shocks  or  sustained  high  pressures 
slilch  would  diseble  then.  To  prevent  such  high  pressures  froa  being  applied 
to  this  equipaant  It  nay  be  necessary  to  add  a  plenum  or  expansion  chamber 
between  the  air  duct  and  this  equipaant.  Such  a  chaabar  would  provida  a 
voluaa  Into  which  high  pressure  air  entering  the  systaa  before  the  blast 
valves  have  closed  completely  can  expand  to  a  lower  pressure  which  would  not 
daoage  the  filters  or  air  handling  unit.  The  size  of  the  plenun  chaeher 
required  Is  dependent  on  the  pressures  that  tha  combination  of  filters  end 
air  handling  units  chosen  can  withstand,  and  tha  paak  overpressure  mfld  dura* 
tioa  of  tha  shock  which  "leaks  by"  tha  blast  valve  befora  closure.  Very 
sinple  baffle  system  between  the  blest  valve  and  the  filters  can  be  utilized 
to  create  a  turbulent  flow  which  will  prevent  large  peak  pressures  from 
inplngleg  on  the  filters.  Tha  buildup  of  tha  averaga  pressure  within  the 
chaster  Is  depandant  on  tha  quantity  of  air  which  coaws  through  the  Intake 
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duct  tdille  the  valve  Is  closing  and  the  volwae  of  the  chaeber.  Estlaattnf 
the  pressure  upstrean  of  the  valve  and  the  closure  characteristics  of  the 
valve*  the  eaxlMia  pressure  buildup  within  the  plenue  chaaber  can  be 
coeputed  to  sufficient  accuracy  essunlng  a- reversible  adiabatic  process. 
These  saoe  Methods  can  also  be  used  to  esttnate  the  buildup  la  the  pressure 
within  a  shelter  due  to  leakage  of  air  through  the  various  other  openings 
Into  a  shelter  such  es  the  creeks  around  tho  edges  of  blest  doors. 

4.0  IITMCE  AND  EXKAUST  STMiCniRES 

For  the  purposes  of  this  discussion  each  elr  Intake  or  exhaust 
stnsetura  Is  assuawd  to  consist  of  tha  duct  and  the  structures  supporting 
both  ends.  Tha  size  of  duct  required  to  provide  for  the  ulnlaun  acceptable 
air  flow  for  tha  personnel  occupying  a  shelter  Is  reasonably  taall.  Tc 
provide  three  cubic  feet  per  M!nc  ::e  per  person  a  duct  only  S  Inches  In 
dlaaeter  would  be  required  per  100  occupants.  If  16  cubic  feet  per  alnuta 
per  person  were  required  the  duct  size  would  only  Increase  to  14  Inches. 

The  chotca  of  the  nlntauM  acceptable  air  flow  for  any  given  shelter  la 
de5Mnde94  upon  the  choice  of  tha  msxImum  acceptable  effective  tauparature 
and  thecIlMtIe  variations  In  the  geographical  location. 

The  couplexlty  of  each  Intake  or  exhaust  Is  dependent  upon  whether 
It  Is  built  at  an  Independent  unit  or  Irtcorporated  as  part  of  the  entrance 
systen.  For  those  Intake  or  exhaust  passages  which  lead  directly  frtxa  tha 
shelter  to  one  of  the  entrance  passages  the  only  roqui  ranents  are  that  tha 
proper  size  passage  be  provided  through  the  weP  of  the  shelter  aed  flanges 
be  provided  et  eech  end  for  the  InstelUtion  of  protective  beffles  or  blest 
velvet.  If  the  duct  leads  fnw  the  Interior  of  tha  shelter  to  the  ground 
surface  sufficient  bends  oust  ba  provided  In  tha  duct  to  give  protection 
against  direct  penetration  by  the  Initial  radiation  and  the  exterior  end 
of  the  duct  Must  be  protected  against  tho  normal  elaments  of  tha  weethar* 
as  well  as  tha  high  overpressure  and  debris  that  would  exist  at  the  ground 
surface  fro*  an  explosion.  The  size  of  the  protective  structure  at  tha 
end  of  the  ducts  Is  not  large  and  It  need  not  ba  very  couplax.  Such  a 
structure  should  rise  above  the  ground  surface  only  a  sufficient  dIstWK.a 
to  pracluda  ttw  antranca  of  debris  and  rain  or  snow*  Savara!  pravloua 
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shelter  designs  have  Incorporated  the  blest  valve  Into  this  supporting  struc« 
tur«.  The  location  of  the  blast  valve  at  this  point  conpllcates  any  provision 
for  operation  of  the  valve  fro«  within  the  shelter  and  raises  the  possibility 
of  unnecessarily  exposing  Mintenance  personnel  to  high  radiation  If  aalnte- 
nance  fs  regufred  after  an  attack.  Therefore,  It  Is  recoMMended  that  the 
valve  be  located  on  the  Interior  end  of  the  duct  so  that  It  will  be  protected 
fron  the  norsul  weathering  and  be  nore  accessible  for  ioalntenance  and  nanual 
operation.  The  location  of  the  blast  valve  at  the  Interior  end  of  coarse 
precludes  any  coepllcation  In  the  supporting  structure  required  at  the 
exterior  end.  Such  a  structure  could  ronsist  of  a  heavy  pipe  extending  above 
the  ground  surface  with  a  weather  protective  head  or  a  pipe  extending  Into 
a  cavity  In  the  center  of  a  eore  MssIve  reinforced  concrete  and  steal 
structure  which  would  provide  protection  from  the  nonaal  elenants  of  the 
weather  and  also  give  better  protection  fro*  the  high  ground  surface  over¬ 
pressures,  dynaalc  pressures,  and  flying  alsstles.  The  nonaally  available 
rigid  pipe  or  flexible  pipe  will  be  adequate  for  the  ducts  for  the  overpres¬ 
sure  levels  being  considered. 

The  location  of  Individual  Intakes  end  exhausts  will  be  dependent 
upon  the  overall  configuration  of  the  shelter  entrance  systeai.  In  any  event* 
advantage  should  be  taken  of  the  entranceway  configuration  as  a  oeans  of 
providing  both  radiation  and  physical  protection  for  sowe  of  the  ducts.  If 
sufficient  entrances  are  available  ell  inlet  and  exhaust  passages  should 
teralnate  In  an  entranceway.  Where  sufficient  entrances  are  not  available 
the  Intakes  should  be  placed  In  the  entrances  In  preference  to  the  exhausts. 
This  recoowendatlon  Is  based  on  the  own  I  deration  that  subsequent  to  an 
attack  there  Is  less  likelihood  t  it  an  entrance  would  be  ooopletely  blocked 
by  debris  than  would  a  separate  ground  surface  protective  structure.  The 
velocity  of  the  elr  through  the  entranceway  also  would  be  auch  lower  the* 
in  the  duct  end  there  would  be  less  likelihood  of  drawing  radioactive 
particles  Into  the  shelter. 

4.04  EKEIlCEhCY  TOWER  PLANT  LOCATiOM 

The  operation  of  any  emergency  power  plant  which  uses  gasoline 
or  diesel  oil  as  fuel  requires  e  large  supply  of  air.  This  air  Is  needed 
both  for  the  coebustlon  process  and  tha  raaoval  of  the  heat  ejected  by  Cha 
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■otor*  Tb*  volwM  of  olr  roqufred  Is  Istfe  oottpors^  to  thot  Msdsi  for 
tho  sholtorod  psrsonnol  by  an  ordor  of  assRltude.  In  •  sholtsr  for  100 
peopio  tho  poMor  source  would  require  ot  least  3»000  or  4,000  cubic  feet 
of  air  per  ailnute.  If  the  generator  set  Is  located  within  the  shelter 
proper  this  air  supply  would  liave  to  be  provided  through  a  duct  systo* 
aluost  as  cooplex  as  that  required  for  the  air  supplied  for  personnel* 
Although  locating  the  power  source  Inside  the  shelter  proper  would  uake  It 
accessible  for  oalntenance  and  thus  soaewhat  aore  rallebla,  tha  Increased 
costs  end  site  of  the  additional  uentMatloa  factlltlas  required  aay  bo 
prohibitive  as  coapared  to  other  solutions  to  the  problea. 

If,  the  aotor  generator  set  Is  located  exterior  to  tho  shelter 
proper,  the  total  power  requireaent  aay  be  decreased  considerably  and  only 
the  air  required  for  the  coafort  of  persoeoel  needs  to  be  handled  by  the 
shelter  air  handling  units.  When  Icvcattug  the  generator  set  exterior  to 
the  shelter  proper  It  could  bo  housed  la  an  Independent  protective  struc* 
ture  or  It  could  be  provided  with  noaiaal  protection  froa  the  direct  forces 
of  the  explosion.  If  the  power  source  were  Installed  la  Its  ow>  protective 
shelter  two  possible  aethods  of  protectioa  could  be  used.  Urge  Inlet  cad 
exhaust  passages  could  be  provided  which  would  eoch  have  a  blast  valva 
to  Halt  tha  pressure  buildup  la  the  procective  shelter  or  rather  saall 
Inlet  end  exhaust  passages  could  be  used  without  tha  blast  valve  and  the 
pressure  allowed  to  build  up  around  the  fpaerator.  the  latter  type  of 
Installation  vould  protect  the  generator  froa  the  application  of  rOptdly 
rising  pressures  and  shock  ttaves.  Each  of  these  syatera  would  require  that 
power  operated  air  bandling  units  be  irtlllxed  CO  Insure  sufficient  flow 
of  air  through  tt»e  structure  so  thet  the  power  unit  would  not  over  heat. 
With  tho  air  handling  units  being  required  for  this  location  of  tha  power 
source  the  total  power  requireaent  would  aot  be  reduced. 

If  the  pr>wer  source  were  located  In  e  relatively  unprotected 
location  such  as  In  the  end  of  an  antreece  passage  or  In  an  opan  pit 
adjacent  to  the  entrance  or  shelter,  nomal  air  clrcuUtlQH  could  be  relied 
upon  to  provide  the  necessery  cooling  and  the  otr  for  coebustton.  This 
would  reduce  the  power  requi reaient  per  shelter  considerably  and  would  not 
decrease  tho  probability  of  survival  Of  the  aaergency  power  syste*  very 
auch  If  suitable  iBOtor>ge«ierator  sets  were  etlHzed.  As  pert  of  pest 


RUcTccr  t«9t  progrois  s«ver3Y  gensrMon  wer«  subj«st9^  t«  tbe  «ffects  of 
liigh  prd^surs.  Although  these  generators  did  not  elMsys  continue  to  operate 
during  end  after  the  actual  explosion*  the  daauge  which  occatrred  was  usually 
olnor  In  nature.  By  suking  minor  changes  In  the  construction  of  standard 
BotST-generatcr  sets.  It.  is  possthie  to  build  sets  wMch  can  sfithstsnd  the 
pressures  being  considered  In  this  report. 

locating  the  generator  to  a  space  provided  at  the  end  of  one  of 
the  entrenceways  would  be  more  advantageous  than  locating  It  In  a  relatively 
open  pit.  For  such  e  location  the  pressures  and  drag  forces  would  be  soa»e« 
what  less  than  would  occur  In  an  open  pit  and  the  generator  would  be  much 
■ore  accessible  for  aMlntensnce.  However*  location  of  the  generator  In  an 
entraneewey  does  preclude  the  use  of  this  particular  entrenceway  as  a 
possible  location  for  any  of  the  Intake  ducts  for  the  shelter.  The  exhaust 
ducts  could  vent  Into  the  ssMa  space  which  houses  the  generator  provided 
that  a  positive  pressure  was  always  Maintained  within  the  shelter.  If 
sufficient  additional  entranceways  were  not  available  to  allow  for  the 
Instetlatlon  of  all  Intakes  In  the  other  entrancevnys*  separate  structures 
could  be  used  for  the  Intakes* 

4.05  BLAST  VALVES 

The  major  operational  requirement  of  any  blast  valve  Is  that  It 
closes  before  sufficient  air  volume  Is  forced  through  the  duct  by  the  high 
pressures  from  an  explosion  to  cause  damage  to  either  the  mechanical  equip¬ 
ment  or  the  personnel  in  tjhe  shelter.  Such  valves  can  be  remotely  operated 
by  blest*  light*  or  radiation  sensors  and  auxiliary  power  sources  or  by  the 
blast  itself.  Several  valves  of  each  of  these  types  have  been  tested  In  the 
nuclear  test  program.  Although  many  of  them  proved  satisfactory  for  the 
specific  purpose  for  'which  they  were  designed*  no  single  valve  has  been 
completely  satisfactory  from  the  standpoints  of  low  cost  of  manufacture* 
low  maintenance  costs*  and  reliability.  Considerable  eddltional  effort  Is 
required  to  develop  more  suitable  end  economical  valves.  Shelters  can  be 
planned  and  built  which  utilize  the  presently  available  valves  and  better* 
more  economical  valves  Installed  at  a  later  date*  vhen  they  become  available 

In  general  the  closing  tlihes  required  by  the  reeotely  operated 
valves  are  entirely  too  long  for  use  In  the  shelters  being  considered  here. 
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Several  of  the  actuated  valves  operate  at  a  sufficiently  rapM  rate 

to  preclude  the  buildup  of  high  pressures  In  the  shelter.  To  keep  the 
Initial  high  pressure  shocks  which  alght  enter  the  shelter  fn>«  damslng 
ceepluft  filter  systeats,.  pteoua  or  eopaoslon  chaebers  would  be.  required. 

If  only  siHple  particle  filtration  systees  are  to  be  used,  such  picnun 
chsabers  eay  be  eltetnated  by  providing  a  relief  section  In  the  duct  ahead 
of  the  filters  and  air  handling  equlpewnt  so  that  any  shocks  %«uld  be 
vented  directly  Into  the  shelter.  This  section  could  then  be  replaced 
andf  if  the  filter  had  been  dannged,  a  new  one  Installed. 

Mew  blast  valves  should  be  designed  specifically  to  fulfill  tha 
requirements  of  shelters  discussed  In  this  report.  In  addition*  posstblll^ 
ties  other  than  blast  valves  should  be  explored.  Certain  systetns  such  as 
filters  v^lch  are  not  dtmaged  by  high  pressures  and  vary  in  their  capacity 
to  conduct  ai^  in  proportion  to  the  pressure  across  them  should  be  explored. 
Several  studies  of  this  nature  are  currently  underway  and  prellalnary 
results  seen  promising,  ft  appears  that  Mterials  can  be  used  tn  such 
filters  so  that  os  the  blast  engulfs  the  structure  th*  flow  through  the 
filter  during  the  period  of  the  high  overpressure  will  be  low  enough  to 
limit  the  pressure  within  the  shelter  to  acceptable  values. 

References  4.01  and  4.02  summarize  Infonsatlon  on  the  physical 
characteristics*  operational  performance*  test  results*  etc.*  of  many  of  tha 
presently  oveilable  blast  valves.  This  .Information  Is  not  reproduced  herein. 

4.06  CONCLUSIOKS 

The  following  conclusions  are  offered] 

1)  The  air  Intake  or  exhaust  elements  of  the  ventilating  system 
should  be  Incorporated  In  the  entrancewey  structure  where  possible. 

2)  Daergency  power  plants  should  be  located  In  an  entranceway; 
however*  entranceways  which  bouse  eaeergency  power  plants  should  not  be 
utilized  to  house  Intake  elements*  but  cen  be  used  to  Itouse  shelter  exheust 
elements. 

3)  blest  valves  should  be  automatic  In  their  actuation. 
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CHAPTEIi  5.  EFFECTS  IMPtfT  8ATA 

S.Ol  IMT^KmOtt 

TltSs  ehepttr  csfftsifiS  th»  «s»sp«>n»  In^ut  ibt%  for 

th«  ontronccwsy  ond  ventilotion  systews  laust  designed*  Snclyded  are 
the  biafit  effects,  prompt  esuclaar  radtattcn,  residual  nuclear  radiation* 
and  theraai  radiation.  The  discussion  of  all  of  these  effects  1$  related 
to  a  specific  overpressure  (50  psl)  froa  a  specific  yield  leeapon  (l  KT). 
There  any  be  other  overpressures  and  weapon  yialds  of  interest*  The  data 
presetited  below  on  proapt  nuclear  radiation  should  ba  used  t^ith  caution 
for  conditions  which  differ  greatly  froa  those  assuaedc  However,  the 
characteristics  of  the  blast  wave  and  intensity  of  essoelatad  theraai  and 
ionizing  radiation  aay  be  <^tained  froa  Kef,  S.Ol  for  any  spaciflad 
overpressure  and  weapon  yield. 

S.02  SlJiST  EFFECTS 

1)  Free  Field  Pate.  Having  decided  upon  the  dvarpressura  level 
and  the  weapon  yield  of  interest  (a.g*,  SO  psi  and  1  NT  era  used  for 
Iltustrotiva  purposes  In  this  report)  the  free>fleld  overpressure  vs.  tiaa 
relationship  can  ba  established*  Fig.  S.Ol  was  prepared  froa  data  contained 
in  Ref.  S.Ol. 

2)  Attenuation  in  Tunnels.  Since  1958,  considerable  rasearcb 
effort  has  been  expended  on  the  problea  of  the  entry  of  shock  .sves  into 
tunnels  and  the  subsequent  behavior  of  these  waves  In  various  tunnel 
configurations  (Ref.  S.02).  Unfortunately,  vary  little  of  this  effort  can 
be  applied  to  the  problea  at  hand  because  the  passages  under  consideration 
are  too  short  to  perelt  the  shock  wave  to  refora  Instda.  As  Indicated  in 
Fig.  3.1,  Ref.  5.02,  the  shock  weve  does  not  refora  until  It  has  roachad 

a  distance  down  the  entrenceway  equal  to  approximately  5  to  10  tunnel 
diaaeters.  However,  some  of  the  basic  relationships  estrjlishad  can  ba 
used  to  obtain  e  qualitative  picture  of  what  might  be  anticipated  in  the 
entranceway  and  particularly  what  loads  aay  ba  anticipated  on  blast  closure 
devices,  such  as  doors  and  blast  valvqs. 


From.  3.6  of  Kef.  S.02«  th«  mxIimm  pressure  which  a«f  be 
•nticipeted  in  the  entrencewey  i*  *  function  of  the  peak  overpressure 
outside  and  the  angle  of  incidence  between  the  shock  front  and  tbs 
opening.  At  the  $0  psi  overpressure  level  the  free  field  shock  front 
May  be  assuoud  to  be  perpendicular  to  the  idealized  plane  in  which  the 
shelter  Is  located. 

(a)  Tortuous  Entranca  Tunnels.  For  purposes  of  discusstea 
assuae  an  entrance  configuration  as  shown  in  Fig.  5.02.  Tha  worst  casa 
oriantation  occurs  when  the  shock  wave  meets  the  entrance  as  indicstsdl 
In  Fig.  5.03.  As  the  shock  weve  turns  down  Into  the  entrenceway  the 
peak  overpressure  in  the  front  is  decreased.  Upon  raf lection  from  the 
wall  at  the  base  of  the  first  flight  of  stairs*  the  peak  rafiacted  pressure 
will  be  somewhat  lets  than  that  which  can  be  predicted  for  nonul  Inrlfinrs 
of  the  free-field  shock  front. 

As  shown  in  Fig.  5.04*  prior  to  reflection  from  the  wall  at 
tha  base  of  the  stairs*  the  shock  front  will  turn  tha  cornar  Into  tha 
second  leg  of  the  entranca  structure  and  a  vortex  will  be  formed  at 
corner.  The  pressure  In  the  front  Indiceted  es  will  be  less  than 
peak  pressure  in  the  steirwell  before  the  front  turned  tha  comer, 
latter  pressure*  as  stated*  would  be  less  than  tha  8lde«oo  pressura 
tha  surfaca. 

Subsequently*  the  shock  wave  will  reflect  from  the  wall  at  the 
bast  of  the  stairs.  Tha  pressure  will  ba  lass  then  the  reflected 
pressure  of  the  freffleld  front  at  normal  incidence.  Further*  the 
pressure  P^  ^  than  tito  pressure  P^.  As  the  reflected  front 
progresses  further  down  the  second  leg  it  will  encounter  tha  vortex 
forcied  et  tha  corner  end  st.'bseqiwntiy  the  reflection  of  the  front  which 
preceded  it.  The  shock  picture  then  becoeas  more  confused  as  It  turns 
down  the  third  leg*  so  confused*  in  fact*  that  a  quantitative  analysts 
Is  not  possibla. 

For  Such  configurations  it  Is  necessary  to  raly  on  avallehle 
data  for  a  decision  as  to  daslgn  criteria  for  blest  doors  and  valves 
further  down  the  entrenca  corridor. 
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If  tlvi  shock  front  w«r«  coMing  froa  tb*  ^trsction  c^posito  to 
th«t  shown  in  f ig«  S.03  th«r«  would  bo  no  rsflsctlon  from  th«  wall  «t 
th*  bass  of  tha  stbirs  and  thara  is  sooa  avidanca-to  Indicata  that  tha 
■UKimM  prassura  In  tha  entrancitway  would  b«  approKliaataly  aquaL  to  tho 
paak  si  da-on  ovarpressura  outsida  (ftef.  S.03)* 

For  other  angias  of  antry  tha  loading  on  tha  various  portions 
of  tha  antranca  structura  will  vary  betwaan  thasa  two  axtraaes*  excapt 
that  tha  worst  casa  for  the  walls  adjacent  to  the  first  flight  of  stairs 
will  occur  whan  the  shock  front  crosses  tha  stairs  at  right  angles.  Thus* 
each  portion  of  the  structura  «ust  be  designed  for  its  own  worst  casa 
condition,  or  tha  probability  of  obtaining  tha  worst  casa  aust  be  accepted 
as  a  calculated  risk.  In  tha  discussion  which  follows,  tha  loadings 
derived  for  the  various  elaoents  of  tha  entraftca  structura  wil^  ba  basad 
on  what  is  bal laved  to  ba  tha  worst  casa  orientation. 


The  pressure  on  any  alesMnt  of  tha  entrance  structure  is  effected 
also  by  the  fact  that  tha  slda-on  ovarpressura  at  tha  surface  is  deceying 
with  tfm.  After  the  inittel  entry  end  subsequent  reflections  the 
pressure  inside  the  entrance  structure  will  reach  equIllbriuM,  for  all 
practical  purposes,  with  the  pressur?  existing  at  tha  entrance.  If  tha 
shock  wave  Is  of  relatively  long  duration  It  is  reasonable  end  conrervetiva 
to  essuMe  that  the  pr^tssure  does  not  decay  with  tlwe  end  the  equlllbrluw 
overpressure  is  the  peek  si  da-on  overpraisura. 

The  clearing  tlaie  for  e  tunnel,  or  tiwe  at  which  equlllbrluM  Is 
reached,  i»«y  be  epproxinated  by  couputlng  the  tiwe  required  for  the  shock 
to  traverse  the  entire  length  of  the  tunnel  end  return.  This  will  be 
considered  in  wore  detail  later. 

(b)  Short  Straight  Entrance  Tunnels.  The  entry  end 
subsequent  reflection  of  shock  waves  In  short  streigh*  tunnel  sections 
has  been  Investigated  end  is  discussed  in  Ref.  5,02.  Such  con figuret Iona 
should  be  avoided  because  tha  reflected  pressure  on  the  blast  closure 
devices  (doors  end  valves)  can  be  greeter  than  the  reflected  pressure 
of  the  shock  front  In  the  fret-field  at  norsul  Incidence.  Further,  bands 
in  the  entrance  tunnel  In  general  are  desirable  for  radiation  ettenuetlon* 
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(c)  Long  Entrance  T»nngl  Conffgurattoni^  If  for 
fMSoa  tb*  l«n9ths  of  th«  Individual  lags  of  tho  ontranc*  tunnal  axcead 
10  tiaas  tba  avaraga  cross-aactlonal  dlaantlons*  a  asra  data! lad  atudy 
of  tha  kahavior  of  tha  shock  wava  1*  tha  tunaal  1ft  poft&lkla*  for  tbas* 
casas  tba  raadar  is  rafarrad  to  Kaf.  5.02. 

3)  Alr-Inducad  ground  Effects  and  Loads  on  Structuras»  fog 
a  i  MT  weapon  at  tha  SO  psi  ovarprassura  lavaL  and  for  tba  shallow 
depths  of  interest.  It  aay  bo  assuaad  that  tha  vertical  coBy>ooant.  of  tha 
ovarprassura  does  not  attenuate  with  depth  In  tha  soil. 

fienarally  the  horizontal  stress,  In  tha  soil  Is  takan  as 
sows  constant,  K,  tiaos  tha  vertical  stress,  p^,  or  p^  ■  Kp^.  The  Mgnltuda 
of  K  depends  on  the  properties  of  tha  soil,  tna  degree  of  saturation, 
the  stress  level,  and  the  conditions  of  lateral  strain  laposed  on  tha 
soil  elaaant. 

A  detailad  discussion  of  the  Influence  of  these  factors  on  tha 
value  of  K  is  given  in  Ref.  S.04.  for  the  case  of  zero  lateral  strain, 

K  Is  denoted  as  and  recoawandad  values  for  a  nuwber  of  soil  types  are 
given  la  Table  S.Ol. 

The  loads  produced  on  tha  structure  by  tha  above  air* Induced 
ground  affects  are  coaplicatad  by  the  Interaction  between  tha  soil  and 
the  structure.  Aaong  other  veriebles  It  is  known  that  tha  stiffnase 
of  tha  structure,  the  wanner  in  which  It  is  supported,  and  tha  direction 
of  aotion  of  tha  structure  (l.a.,  whether  passive  or  active  earth 
praiswrcs  ara  Invoivad)  all  have  significant  bearing  on  tha  strass  at 
tha  soil-structure  Interface. 


Hethods  for  estlnatlng  the  blast-induced  loads  of  fully  burled 
rectenguler  structures  ere  given  In  Ref.  5.04,  These  nsthods  ara 
adapted  to  the  conflguretlons  end  depths  of  interest  In  the  following 

peregraphs. 

Horizontal  ateaants  of  tha  entrance  structure  will  be  subjected 
to  the  direct  affects  of  the  elr  blest  overpressure  If  they  are  flush 
with  the  ground  surface.  The  lene  pressure  will  be  trensaitted  to 
buried  horizontel  eleawnts  if  the  depth  of  burial  Is  shallow  and  tha 
attanwatlon  of  tha  vertical  ccaponent  of  the  overpressure  and  tha  archlf^ 
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of  the  soil  above  the  elewnt  ere  smU..  This  Is  the  cese  for  the-deptht 
untler  consideration  In  this  study. 

The  blest-induced  loads  on  vertical  elcaents  of  a  burled 
rectangular  structure  are  soeewhat  aore  uncertain  than  those  for  the 
roof  and  base  slabs.  Because  of  the  uncertainties  In  the  relation  bettfeen 
the  horizontal  and  vertical  free-fleld  pressures  and  In  the  effects  of 
arching,  ft  Is  reeoimended  that  the  walls  eleaents  be  designed  for  the 
vertical  pressure  aultlplled  by  the  values  of  given  In  Table  5.01. 

This  procedure  Is  considered  to  be  consistent  with  the  present  state  of 
knowledge  and,  though  possibly  conservative.  Is  probably  not  unduly  so. 

The  above  recoeaendatlons  apply  when  the  loads  transaitted 
through  the  soil  are  greater  than  the  pressure  Inside  the  structure.  For 
the  condition  which  exists  when  the  reflected  pressure  Inside  the  structure 
Is  greater  than  that  transaitted  through  the  soil,  the  walls  of  the  structure 
will  deflect  outwards  and  a  passive  resistance  will  be  aobllized  In  the 
soil.  Thus,  the  pressure  differential  will  be  reduced. 

A  rational  analysis  under  this  loading  condition  requires  a 
knowledge  of  the  *^ubgrede  aodulus"  of  the  enveloping  soli,  k.  In  pounds 
per  square  Inch  per  Inch  of  deflection.  This  aodulus  Is  e  function  of 
the  size  of  the  loaded  area,  the  pressure  level,  and  the  deflection  as 
well  as  of  the  soil  type.  Few  date  are  evalieble  to  eatlst  In  aaking 
a  reasonable  estimate  of  e  value  for  design  purposes.  Table  S.02  gives 
values  which  are  Indicative  of  the  order  of  magnitude  kdtich  may  be 
expected.  They  have  been  Interpolated  from  very  limited  date  for  the 
structure  size  end  soil  types  of  Interest. 

It  is  Iwportent  for  the  backfill  to  be  thoroughly  coapected  la 
order  to  achieve  e  wuclaua  value  of  subgrede  aodulus.  If  there  are  voids 
behind  the  wall  or  If  the  backfill  Is  dumped  loosely  in  piece  values  of 
subgrade  Modulus  less  than  10  psi  par  Inch  of  deflection  may  be  expected. 

The  backfill  should  be  coapected  to  90%  or  more  of  Proctor  density  to 
assure  satisfactory  end  uniform  results. 

5.03  LOAOINB  OM  ENTRANCE  STRUCTURE  ELEMENTS 

fignarel.  In  the  two  previous  sections  the  loading  on  various 
elements  of  underground  entrance  structures  has  been  discussed.  The 
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purpose  of  this  section  ts  to  suMMrize  that  information  in  terms  of 
loads  for  which  the  various  elements  should  be  designed* 

Whether  any  given  element  will  be  subjected  to  a  load  through 
the  soil  before  the  shock  wave  In  the  air  arrives  ts  dependent  tipoiv  thr 
velocity  of  the  shock  wave  in  the  air*  the  velocity  of  the  stress  wave 
in  the  soil  and  the  distances  they  each  must  travel*  To  a  certain 
extent  the  time  sequence  of  loading  Is  dependent  upon  the  orientation 
of  the  structure  with  respect  to  the  direction  of  shock  propagation  In 
air. 

The  velocity  of  the  shock  wave  in  the  air  nay  be  computed  from 
the  following  expression  (Ref.  5.01) t 


where  U  ••  air  shock  velocity!  fps 

•  velocity  of  sound  In  air*  fps  (1117  fps  at  standard  conditions) 
p  «■  peak  overpressure  In  air  shock*  psi 

x  atmospheric  pressure*  pal  (14,7  psI  at  standard  conditions) 

Values  for  the  setswle  velocities  of  various  soils  are  listed 
in  Table  S.03,  Note  that  for  aiost  soils  the  velocity  of  stress  wave 
propagation  Is  greater  than  the  velocity  of  the  shock  wave  In  the  air  at 
SO  psi  (U  ••  2200  fps).  Structures  In  such  soils  will  be  subjected  to 
loads  tranMitted  through  the  soil  before  the  air  shockwave  arrives* 

The  problem  of  determining  the  pressure  as  e  function  of  time 
on  e  structure  below  ground  Is  quite  coeplex  end  Is  the  subject  of 
considerable  study  at  this  time.  follows  Is  not  offerad  as  a  solution 

to  tha  problem,  but  only  as  a  basis  for  a  dacislon  aa  to  tha  cagnltudas 
and  directions  of  the  eppllad  loads. 

2)  Walls  Adjacent  to  Open  Stairwell.  Tha  worst  cata  orlentatlom 
for  tha  walls  adjacent  to  tha  open  stairwall  is  indicated  in  Fig.  S.OS. 

As  the  shock  front  approaches  the  shelter  entrance*  the  wall  closast  to 
tha  point  of  datonatlon  may  be  loaded  by  etrase  propagating  through  the 


ioil  %•#<«■•  th«  •rrlv«l  of  th*  shock  w«v«  In  t3»n  nlr  If  thn  volocity  of 
•trots  propsgstton  (c)  Is  jrsatnr  thsn  ths  shock  velocity  (Uj»  This 
lostf  Mill  grs^uslly  build  up  fro«  ths  nomal  losd  Mhich  exists  to  • 
value  p,j  -  Just  bafers  the  shock  front  spills  over  the  ed^e  of  the 
Msll.  The  length  of  tlae  between  the  beginning  of  a  bulld>up  of  active 
earth  pressure  end  the  tine  that  the  shock  wave  fills  the  entrance  Is 
on  the  order  of  10  nllllseconds.  Therefore,  It  Is  reasonable,  since  the 
retaining  wall  is  a  relatively  stiff  structure,  to  design  the  walls  for 
an  active  earth  pressure  of  pj^  •  Inward, 

If  there  Is  a  blast  door  at  the  outside  entrance,  so  that  the 

shock  wave  could  not  enter,  this  pressure,  Pj^  ■  ^b^ao*  '*®**^^  applied 
to  both  walls  of  the  stairwell. 

If  there  Is  no  blast  dopr  at  the  outside  entrance,  the  shock 
wave  will  turn  the  corner  as  Indicated  In  Fig,  5.0S,  and  will  reflect 
free  the  opposite  wall  beginning  at  the  top,  Tba  peak  raflactad  ovar- 
pressura  at  the  top  way  ba  calcalatad  free  the  following  expression 
(laf.  S.OOt 

Pr  “  *  “so 

where  p^  ••  peek  reflected  overpressure  and  p^^,  are  as  dsfined  above. 

For  design  purposes,  a  reeiooable  epproxleatlon  to  this  coepllceted 
loedlng  picture  eay  be  obtained  by  assueing  that  tha  entira  well  feeing 
the  shock  it  subjected  to  the  peek  reflected  overpressure  Instantaneously, 

The  clearing  tliea,  or,  the  tiee  et  which  the  pressure  on  the  wall  feeing 
tha  shock  wave  drops  to  the  slde>oo  overpressure,  way  be  epproxlwated  by 


where  t^  ■  cleerlng  tiew,  see. 

h  •  height  of  well,  ft. 

U  •  shock  velocity  at  alda-on  overpressure,  fpi 
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For  the  top  of  the  well  «t  least*  the  reflected  overpressure 
wilt  be  applied  instantaneously  before  the  soil  mss  behind  the  wall 
Is  restrained  by  the  tide*on  overpressure  acting  on  the  surface  of  the 
soil.  Thus*  the  Mtion  of  the  top  of  the  wall  wlIL  be  resisted  Initially 
only  by  the  passive  earth  pressure  of  the  soil  (with  no  surcharge). 

However*  as  the  shocti  front  progresses  down  the  wall  and  along, 
the  surface  of  the  soil  beyond  the  slab,  resistance  to  lateral  'potion 
of  the  wall  builds  up  very  rapidly.  Further*  cowplete  failure  of  the 
well  cannot  occur  without  developing  the  passive  earth  resistance  of  the 
soil  behind  the  wall. 

This  is  a  conplex  problea  in  soil-structura  Interaction  under 
dynaaic  load  and  a  detailed  study  of  It  Is  beyond  the  scope  of  this  report. 

An  approxiaste  approach  which  is  believed  to  be  reasonably  consarvativa 
ts  to  design  the  wall  for  the  forces  Indicated  In  Fig.  S.Ob  acting 
statically.  That  is,  it  is  assuaed  that  the  wall  facing  the  shock  wave 
is  subjected  to  a  static  pressure  equal  to  the  reflected  overpressure 
(P^;  the  pressures  resisting  the  aotlon  of  the  wall  arc 

a,  K  p  ;  (passive  resistance  due  to  surcharge) 

P  50 

b,  (passive  resistance  due  to  cohesive  strength  of  the  soil) 

c,  TzX^i  (passive  resistance  due  to  the  unit  weight  of  the  soil) 

1  4*  u  I  n  a 

where  *  coefficient  of  passive  earth  pressure 

a  «>  angle  of  internal  friction  of  the  soli 

p  «•  tlde‘*on  overpressure  et  surface*  psi 
SO 

c  ••  cohesive  strength  of  the  soil*  psi 

7  <•  unit  weight  of  the  soil*  Ibs/in^ 

X  •  depth  below  surface,  in. 

For  a  saturated  clay  a  ••  0  and  c  it  ona-half  of  the  unconftned 
coapressive  strength  of  the  soil. 

3)  Slab  Over  landing.  The  worst  c*se  orientation  for  the  slrt 
over  the  landing  at  tha  base  of  the  stairs  is  shown  in  Fig.  S.O?.  The 
loading  on  top  and  bottow  of  tha  slab  over  tha  landing  My  be  aSsuMd 
to  be  equal  until  tha  shock  front  reflacts  froa  tha  wall  at  the  base  of 


th«  stair.  At  that  tins  tha  load  on  tha  bottoa  Is  the  raflectad  ovar> 
prassura  and  tha  load  on  tha  top  Is  tha  slda-on  ovarprattura. 

Aftar  sow  parlod  of  tlaa  an  aquilihrtiwi  coodltloik  nay  ba  isstinad 
to  axist;  In  fact,  thara  should  ha  sow  swll  axcass  ovarprassura  acting 
up  at  tha  bottooi  during  tha  antira  positiva  prassura  phasa.  Tha  net 
locdiKS  be  spprox^aated  hy  tha  loading  tndlcatad  In  Fig.  5.07. 

Tha  risa  tlw  of  tha  prassura  pulsa  wy  ba  axpressed  approxlwtaly 

“  .  i. 

‘r-u; 


whara  t^  •  rIsa  tlw.  sac 

b  >  width  of  slab,  ft. 

U  •  valocity  of  raflactad  shock  front*  fps  (1200  fpa 
for  SO  psi) 

Tha  claarlng  tlw  a«y  ba  axprasaad  as 
'c  U 

whara  t^  •  clwrlng  tlw.  sac 

U  •  shock  valocity.  fps  (2200  fpa  St  SO  pal) 

Tha  usa  o/  tha  loading  /unction  In  Fig.  *^.07  ragulras  a  fcnowladga 
of  tha  parlods  of  vibration  of  tha  slab  ovar  tha  landing.  An  approx! wta 
and  aora  consarvatlva  approach  for  design  purposes  would  ba  to  dasign 
tha  slab  ovar  tha  landing  for  tha  sida-on  ovarprassura  acting  do«mward 
or.  If  thara  Is  no  blast  closure  at  the  antrartca.  for  a  prassura  agusi 
to  (p^  *•  p^^)  acting  upward.  In  althar  casa»  cowprasston  staai  agual  to 
ona-half  of  tha  tension  steal  should  ba  provided  for  ravarsat  of  loading, 
rebound,  and  to  Insure  ductility. 

4)  Corridor  Section  Below  Cround.  Because  thara  will  be  a 
considarabla  tlw  lag  between  tha  arrivals  of  tha  stress  wave  through 
tha  soil  and  of  tha  atr  shock  wave  through  tha  tunnel.  In  tha  ganaral 
case  vertical  walls  below  ground  will  be  subjected  to  a  iataral  pt'essura 
P|^  "  *'o^sn  Inward  regardless  of  whachar  thara  Is  a  blast  door  at 

the  antranca  or  not. 
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If  thar*  is  no  blast  door  and  tbs  antranca  is  tortuous  as 
dascribad  In  Sac.  5.02*  tha  prastura  Inslda  will  gradually  build  up  to 
a  prassura  graatar  than  As  discussed  in  Sac.  S.02,  tha  outward 

lateral  Motion  of  tha  walls  will  land  to  davalop  tha  passive  raslatanc» 
in  tha  soil*  if  sufficient  lateral  wall  dlsplacanant  occurs.  Cvaa  If 
tha  wall  is  too  stiff  to  develop  tha  full  passive  resistance  of  tha 
soil  prior  to  failure  of  tha  wail  slab*  a  rational  analysts  requires 
tt<nt  3cun  cot'isidakation  be  glv«>A  to  tha  ractratnt  ckvalopad  by  tdtatavar 
displaceaen;  occurs.  This  can  be  accnaplishad  by  aaiploylng  tha 
**subgrada  Modulus'*  for  tha  soil  as  listed  in  Table  $.02. 

That  is*  for  tha  case  where  there  Is  no  blast  door  at  tha  out* 
side  antranca,  the  prassura  on  tha  inside  of  tha  walls  (acting  outsMird) 
will  be  2  p^.  This  load  is  resisted  by  tha  slab,  tha  lateral  earth 
pressure  Pnd,  by  a  prassura  wtsera  k  is  tha  **subgrada  Modulus** 

and  It  tha  ultiMata  deflaction  of  tha  wall  at  Mid  haight.  Hare 
ultiMste  daflactlon  Is  defined  to  be  ths  deflection  corresponding  to  the 
ultiaate  Moewnt  capacity  of  the  section  and  for  design  purposes  eay  be 
essueed  to  be  ten  tiaes  the  yield  deflection  of  the  Mwebar. 

In  the  discussion  above  It  Is  tacitly  assuoed  that  tha  rasistance 
developed  in  the  soil  by  the  deforeation  of  tha  wall  is  everywhere  equal 
to  that  coinputed  using  tha  uitleate  deflection  of  the  well  at  wtd*ltelght. 
That  is,  no  consideration  Is  given  to  the  actual  daflactad  shape  of  the 
wall.  Mtila  this  siapitfication  May  saa«  crude,  currant  knowledge  of 
**S(d»grada  Modulus**  does  not  warrant  further  rafinaeent. 

Tha  roof  alab  Must  be  able  to  resist  tha  slda^on  overpressure 
acting  on  tha  surface,  the  dead  load  of  the  sSsb  and  tha  soil  overburden, 
ail  acting  Inward,  whether  or  not  there  is  e  blast  door  at  tha  outside 
antruRce.  If  the  ahock  wave  can  enter  the  corridor  the  roof  stab  will 
alto  be  subjected  to  a  pressure  equal  to  2  p  acting  outward. 

Slellarly,  Che  floor  slab  will  be  subjected  to  the  slde*oe 
prossure  plus  tha  entire  dead  load  of  thn  section  acting  Immrd.  ttnlass 
better  InforeaCton  regarding  tha  distribution  of  prastura  In  the  soil 
In  question  it  available  It  is  suggested  that  a  unifom  distribution  of 
prassura  be  assuead.  Than,  too.  If  the  shock  wave  can  enter  the  corridor 
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th«  floor  slab  mIU  ba  subjactad  to  a  prassura  of  2  p^  actii*9  outward 
at  soaa  latar  tiiM. 

Tha  loading  conditions  discussed  abova  ara  suanarizad  In 

Hf.  S.«9. 

5)  Interior  Poors  and  Valvas.  As  statad  In  Sac.  5.02  tha 
dlawnslons  and  configurations  Of  tha  entrancoMays  ara  such  that  It  Is 

?3Sf  !b?c  to  cyr-uta  tha  loadlro  as  a  function  of  tine  on  blast  clnsura 
davicas  at  tha  Intarlor  and  of  tha  antranca  corridor,  lasad  cn  avpariaontol 
data  avallnhla.  tha  avaraga  paak  ovarprassura  on  such  closures  can  ba 
as  low  as  tha  slda>on  ovarprassura  outsida  and  as  high  as  about  iwlca  tha 
sida-on  ovarprassura  o«its  I  da  (haf.  5.05).  Evan  In  tha  lattar  casa  tha 

I 

loading  Is  not  a  trua  shock  loadingi  l.a..  tha  ovarprassura  risat 
arratically  to  a  aaxIaMti  valua  of  about  twica  tha  paak  slda-on  ovarprassura 
outsida. 

Tharafora,  ft  U  consarvativa  to  atsuaa  that  blaat  closura 
dav!cas  locatad  In  corridors  or  ducts  ara  subjactad  to  an  Infinita  stap* 
pulsa  with  a  Maxlaua  ovarprassura  of  100  psi  * 

6)  Extar  lor  flush  Poor.  Tha  loading  on  an  axtarlor  flush  doo*’ 
at  tha  outsida  of  tha  antranca  structure  Is  dependant  on  tha  paak  Incldant 
overprassura  and  tha  tesspcn  ylald  (50  psI  and  1  HT  for  thla  raport)«  tha 
oriantetlon  of  the  door  with  ratpcct  the  bUat  wova*  and  tha 
dlaanslons  of  tha  structural  faca  housing  tha  door. 

Tha  orlaotatlon  of  tha  door  with  raspact  to  tha  blast  wave 
detanelnat  tha  paak  raflactad  prassura  to  which  tha  door  Is  subjected. 

This  raflactad  praasura  way  vary  ft'oa  the  peak  Incident  overpreesure 
(i.a.i  SO  psi)  for  a  horixontel  door^  or  vertical  door  facing  away  from 
tha  blast,  to  tlM  full  rafiactod  prassura  (i.a.,  200  psi)  for  a  vertical 
door  facing  tha  blast.  RaflaCtlon  factors*  i.a.*  the  ratio  of  tha 
raflactad  praasura  to  tha  incldant  prassura.  for  various  Incldant  praasurat 
era  prastnfad  In  Raf.  5.01  (Fig.  2.71b).  An  Idaailsed  ralatlonshlp 
batwean  tha  raflactad  prasairra  and  tha  angla  of  Incldanca  for  50  psi  Is 
plottad  In  Fig.  5.09* 


Tbs  dSa«ns!oat  of  tSae  structural  fees  beuslns  tba  door  dotamlaa 
tbs  duration  of  the  raflactad  pressure  spike;  the  sealler  these  dlaensIoRS* 
the  shorter  the  duration  of  the  reflected  pressure.  Hoi«ever«  it  ts 
conservative  to  assune  «o  toflnlte  duration  step  pulse,  of  the  reflected 
pressure.  If  desired*  e  mof  precise  ioad^tiioe  history  can  be  evaluated 
in  the  Manner  described  in  Ref.  S.Ol  (Chapter  4)  and  tha  required 
structural  resistance  detemfned  using  the  Methods  described  In  Refs. 

S.06  and  S.OT. 

S.04  PROHPT  RADIATION  EFFECTS 

1)  Introductiw.  For  analysis  of  shelter  shielding  effective- 
ness  it  is  necessary  to  know  tha  SMount  of  radiation  of  each  typa*’ of 
various  enargtas*  and  its  Incideoca  on  tha  shelter  froM  each  direction. 

This  Must  be  known*  if  not  precisely*  at  least  roughly.  Various  factors 
anter  into  such  a  detaralnation*  a.g.«  the  distance  fros  the  vsieepon 
euplosion*  the  angle  of  ilna  of  sight  above  the  horizon,  the  orientation 
of  the  shaltar  relative  to  tha  direction  of  the  line  of  sight*  tha  type 
of  weepon,  and  tha  siza  of  waapon.. 

Most  of  tha  aveilahla  thfomation  ralatas  to  the  total  Initial 
fluK  or  dose  Measured  at  various  distances  from  a  nuclaar  explosion  of 
a  certain  size.  For  the  purposes  of  this  report*  it  is  esstawd  that  a 
reasonable  estimate  of  this  total  can  be  aade  and  tha  data  given  In 
"The  Effects  of  Kueleer  Weapons"  (Ref.  S.01|  Is  valid.  On  the  other  hand* 
the  proportion  cowing  froM  the  various  directions*  tha  division  ouong 
tha  various  energy  groups*  and  the  bi-para«atr!c  distribution)  of 
proportion  both  in  energy  and  direction  are  very  poorly  known.  However* 
for  design  purposes  it  Is  necessary  to  Make  sose  estiMste  of  the  situation. 
The  estiwate  which  follows  Is  based  on  presently  available  unclassified 
infornatioa  for  the  specific  condition  of  particular  Interest*  i.e.*  at 
a  distanca  on  the  order  of  one  aila  free  the  explosion  a  nuclear  %esapon 
In  the  eesgaton  range.  This  Is  the  eppraxiaate  range  for  the  SO  psl  level 
for  a  1  HT  weapon. 
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(a)  Canisral.  It  is  iK[>osstbi«  to  find  data  on  margy  am^ 
diracttonal  distributions  for  pracisaly  tlM  clrcusitsocas  constdarai  la  -• 
tba  prasant  probtaa.  MoMevar,  It  can  ba  daaonstratad  that  aodarata  varla« 
tions  frc«  tha  baste  tr^ut  data  ara  of  ainor  iaportanca.  This  Is 
fortunata  stnea  It  panatts  tha  usa  of  cartain  axparinantal  and  analytical 
data  prasanted  for  slightly  diffarant  situations*  and  It  csaluis  any 
critarta  dartvad  usaful  ovar  a  ranga  of  situations  Instaad  of  batng 
appllcabla  only  to  tha  pracisa  situation  assonad  hareln«  A  discussion 
of  tha  Iaportanca  of  tha  various  paraaatars  In  tha  problaa  follosis. 

(h)  fnarov  Soectriga  Variation  with  Olstanco.  Raf.  5,01 
(para.  8.84)  states  with  ragard  to  tha  senna  anargy  spactrun:  **...  tha 
anargy  spactrun  obsarvad  at  a  particular  distanca  from  tha  explosion 
will  ba  diffarant  froa  that  at  alnost  any  other  distanca  bacausa  tha  various 
conponants  ara  dasradad  In  anargy  and  absorbed  differently  In  their 
pessage  throu$h  air  or  othar  attenuating  nadiua.**  For  nautrens*  It 
statas  (para*  8.86)s  **..«  although  tha  total  nie)i)ar  of  neutrons  received  *«* 
dacraasas  with  Increasing  distance*  tha  proportions  in  tha  various  anargy 
ranges  raawia  essentially  tha  tana  throughout.** 

It  U  bal laved  that  these  two  statanants  t<n^id  to  create  InptoS- 
sloes  which  ara  a  bit  axtrana  In  aach  direction.  Fo'  practical  shialdlng 
purposes*  tha  variation  In  the  spactrun  for  gamaa  rays  Is  probably  not 
great  for  distance  variations  of  «any  hundred  of  feat.  Ref.  5.08 
(Saction  5(7))  Mikas  a  specific  point  that  the  dlatributlon  of  scattered 
photons  within  e  vary  few  Maan*>fraa<'paths  (say.  about  «  thousand  feat  In 
sir)  reaches  a  ^Stuasi^aqulllbrlusd*  co«’4dltion  which  varies  rather  slowly. 

Saf.  5.03  shows  a  coaparison  between  the  energy  distribution  of  gaaaea 
rays  at  4500  ft.  end  3000  ft.*  In  which  tha  gaaata  rays  froa  air 
(nitrogen)  capture  show  no  uajor  changes*  ai'thooish  tha  rays  (ro»  fissloa 
products  Shew  a  cartain  degree  of  hardening  with  distanca  chsnga  of 
this  aaount.  Since  tha  nitrogen  capture  affect  Is  shown  to  provide 
eorc  of  tha  dose  at  both  these  rangas*  tha  overall  affect  would  not 
lead  to  any  aajor*  rapid  changes  of  spactrua  at  thasa  dlstaiwias.  . 
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3n  th«  otb«r  hatsd^  th«  statwwnt  of  K«f.  S.Ol.  with  rospoet 
to  noutrons  tt  sasdd  on  th«  bests  that  tha  plottad  linos  of  rosponsa 
varsus  dtstanca  for  various  thrashold  tfatactors  ora  prasunad  to  bo 
paralla!.  Inspsotlon  of  Fig.  8.95,  R»f»  5.01,  will  Indicato  that  thajf 
era  not  parallal  exactly,  and  that  for  largo  changes  In  distance  a 
hardening  of  tha  spoetrun  takas  place.  Therefore,  It  Is  believed  proper 
to  sssuae  that  for  both  types  of  radiation  an  energy  spoctrua  obtained 
at  any  point  beyond  lOOO  ft.  froa  tha  explosion  Is  probably  valid  for 
other  rangss  with  Ik  aany  hundreds  of  feet  of  that  point,  but  beecxMS  less 
valid  at  aore  widely  different  ranges,  although  neutron  spectral 
variations  are  prc^ebly  less  extreme  than  gaeeu  ray  variations. 

(c)  Energy  SpectrtiWi  Variation  with  Boeb  Type  and  Size. 
There  appears  to  be  very  little  In  the  unclassified  literature  on  this 
natter.  At  long  as  the  weapon  Is  largely  a  ftssi<x)  yield  type,  there 
should  be  little  essential  difference  with  size,  aside  froa  minor 
perturbetiens  caused  by  variations  In  tha  detailed  design  of  the  weapon 
end  Its  casing.  A  fusion  type  weapon,  on  the  other  hand,  can  emit  high 
energy  neutrons,  around  14  HeV;  and  the  only  genwa  resulting  Is  that 
coning  fro*  secondary  reactions  of  the  neutrons  with  the  surrounding 
Medluw.  Under  these  circuestances,  rather  appreciable  variation  In  gaaaui 
and  neutron  spectrum  night  be  aixpected,  even  though  a  rather  slallar 
state  of  'Viussl^egulllbrluis'’  say  c<xm  Into  existence  after  some  dlstenea. 
However,  high  yield  weapons  ere  pert  fission  end  part  fusion  end  the 
uixture  of  the  two  would  provide  e  spectnw  approaching  sore  or  lets 
the  fission  weapon  spectrua.  Lik«wl«e,  an  appropriate  design  for  a  high 
yield  weapon  is  to  have  the  fusion  reactants  surrounded  by  e  ^^lanket** 
of  ureniua  which  will  absorb  the  high  energy  neutrons  frc«*  fusion  end 
thereby  fission  by  Interaction  with  these  fast  neutrons  (sea  par#<,  1,^7, 
Ref.  5,01).  Under  the  circuestances,.  It  appears  tltat  tha  use  of  the 
energy  spectris*  associated  with  purely  fission  weapons  Is  reasKwablo, 
with  the  qualification  tiuit  a  separate  anelysts  should  be  Made  for  « 
wespon  which  Is  largely  of  tlwt  fuslort  type,  should  InfonsStton  on  its 
energy  spectrua  at  rassonsble  distances  ever  becotae  known. 
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For  Isrg*  weapons  of  any  typ4  there  Is  another  effect  whose 
Influence  on  ganaa  spectral  distribution  can  be  discussed  only  In  a 
rather  qualitative  eanner.  This  is  sonetlaes  called  the  "hydrodynaetc 
effect.**  It  ts  related  to  the  fact  that  the  creation  and  expansion  of 
a  high  pressure,  high  dansity  shock  front,  followed  by  a  below  ataiospheric 
pressure  phase,  varies  the  amount  and  distribution  of  air  which  serves 
as  an  attenuating  nediuM  for  the  fission  product  cooponent  of  the 
initial  ganma  rodiatlon.  This  variation  is  a  function  of  time  and  becomes 
most  significant  when  the  shock  front  is  In  the  vicinity  of  the  shelter. 
During  this  period,  the  percentage  of  the  rediutlon  due  to  early  fission 
product  decay  is  greatly  enhanced.  The  greatest  effect,  of  course,  is 
on  the  total  radiation  received;  but  as  far  as  energy  distribution  Is 
concerned,  the  overall  spectrum  will  become  softer  and  will  appear  siora 
like  a  spectral  distribution  at  a  closer  range.  It  is  cn  the  side  of 
conservatism  to  ignore  this  spectral  softening,  although  the  effect  on 
total  radiation  dose  and  flux  must  ba  recognizad. 

(d)  Ptrectional  Spectrum  Variation  with  Distance  and 
Type  of  Bomb.  Ref,  S.IO  Is  quoted  as  follows:  “lo  the  several  avents 
for  which  anguler  distrlbutio<i  date  ware  obtained  in  Operation  Pluabbob, 
the  angular  distributions  of  both  neutrons  and  ganma  rays  were  observed 
to  be  ratiter  Insensitive  to  the  type  of  weapon  and  to  the  distance  from 
the  burst  points.'*  The  distances  involved  In  thsse  experiments  were  ftm 
4065  to  S47S  ft.  The  bomb  si;:es  were  ail  near  ncminel  magnitude.  These 
distances  are  in  the  range  of  Interast  for  this  problem,  but  the  weapons 
sizes  are  not  «s  Urge  as  desired.  However,  since  weapon  size  ts  not 
considered  a  sufficiently  significant  factor  for  varying  energy  spectrum 
it  can  probnbly  also  be  ignored  in  connection  with  variations  In  direc* 
t tonal  spectrum. 

t®)  Effect  of  Changes  in  Slope  of  line  of  Sight  to 
Expipslon  Point.  This  factor  is  Important  because  of  the  presence  of 
tho  «arth»alr  Interface  which  effects  the  radtetlon  field.  There  Is  s 
definite  effect  on  the  value  of  the  total  dose  (page  414  of  Ref.  S.ll; 
para.  8.32  of  Ref.  S.Ol;  and  Raf.  S.12},  but  for  angular  dlatrlbutloti 
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o«  a  proportional  basU  tha  effect  Is  JurprUIngly  soall.  Coaiputationt 
by  French  and  Welts  (Ref.  $.11)  for  a  hoaogeneouSf  isotropic  aediuB  are* 
Ignoring  their  Inclusion  of  the  proopt  fission  gana  rays  (which  are 
largely  shielded  out  In  practical  cases)»  In  very  good  agreeaent  wltls 
the  experlnental  data  of  Ritchie  and  Hurst  (Ref.  S.10)»  which  were  taken 
in  a  case  for  which  the  line  of  sight  to  the  explosion  was  about  20^ 
fro«  the  horizontal.  Iliere  Is  llk^lse  very  little  reason  to  expect 
any  major  variation  tn  the  energy  distribution^  on  a  proportional  basis* 
with  change  in  slope  of  line  of  sight. 

3)  Smeuirv  of  Available  Information 

(a)  Oirectional  Distribution.  The  best  infonnation  avallabla 
Is  that  of  Hurst  and  Ritchie  (Ref.  S.IO).  It  represents  the  percent  of  air* 
dosa  received  by  an  Instrument  having  an  aperture  such  that  It  can 
detect  radiation  arriving  within  1$^  of  the  direction  in  which  tha 
instrument  axis  is  pointing.  It  is  noted  that  peaking  of  the  neutron 
distribution  is  not  nearly  as  warlkad  as  of  tha  §a«ea  rays.  There  Is  no 
Iwportant  dlfferanee  between  the  Hurst  and  Ritchie  results  end  the 
calculations  of  Ref.  S.tl  and  tha  former  will  be  the  basis  of  daslga 
criteria  used  in  this  report. 

(b)  Enorey  ptstr|bution.  Bate  available  on  energy  distri¬ 
bution  of  gaama  rays  are  roughly^  but  not  precisely*  consistent.  Graphs 
of  tha  pamea  ray  energy  spectrin  are  sham  in  Fig.  8.6S  of  Ref.  $.01* 

Fig.  3  of  Ref.  S.tl*  and  Fig.  4  of  Ref.  S.09.  All  the  data  In  the  stated 
references  are  roughly  censistent  end  are  at  dIstmKes  from  3770  ft.  to 

ft.  from  a  Kf  size  weapon.  Tha  data  of  French  and  Walls  should  be 
corractad  by  alininatlon  of  tha  prompt  fission  gammas.  The  Informstlon 
from  Clarke*  Meihon^*  and  Gold  1$  given  as  relative  dote  per  unit 
energy  bend  width*  and  Is  ttieraforo  more  iamedlataly  useful.  In  using 
it*  note  must  be  made  that  tha  figure  for  fission  product  gamma  rays 
Inciudat  only  titose  emitted  during  the  first  second  after  tha  axploslon* 
aitd  to  get  the  total  contiderad  as  included  with  the  initial  radiation 
It  must  be  multiplied  by  about  6. 

Information  on  ncutrort  energy  spectrum  It  given  In  Ref.  S.Ol 
(pages  43b  and  407)  and  in  Raf.  5.11  (Fig.  5).  these  are  in  rough  agree- 


•ontt  •Itkougli  there  are  Minor  variations  between  theory  and  experlMeot. 

A  precise  knowladse  of  the  energy  spectrue  Is  not  highly  iMportant* 
especially  for  energies  i^ove  0.5  MeV»  since  above  this  energy  the  varla” 
tlon  of  dose  with  energy  Is  rather  SMall. 

(c)  Cowbined  Energy  end  Directional  OlstributlonS.  The 
Infomation  on  this  subject  Is  sketchy.  Soaa  experiMental  inforaatloe 
on  neutrons  Is  available  In  Ref.  5.10.  Theoretical  Infomation  Is 
provided  by  Aef.  5.11  on  neutrons*  which  Is  coopered  with  the  enpertaental 
data.  For  gauaa  rays,  the  only  Infoneatlon  found  Is  the  analysis  In 
Ref.  S.ll  which  provides  separate  inforaatlon  on  fission  product  ganoa 
rays  and  air*capture  gaaH  rays.  Since  the  latter  have  Much  higher  . 
energies  present,  this  should  provide  tone  understanding  of  the  difference 
in  behavior  (If  any)  of  the  high  energy  and  the  low  energy  coeponent  of 
the  radiation. 

For  gaowa  rays  free  fission  products,  the  angular  distribution  Is 
slightly  More  peaked  than  for  air'capture  gaoea  rays  (Fig.  4  of  Ref.  S.ll). 
However,  since  the  air*capture  ganea  rays  originate  frna  e  rather  diffuse 
source  (several  hundred  feet  in  effective  radius  around  the  hurst  point), 
the  difference  In  etigular  distribution  Is  probably  not  greatly  related  . 
to  the  difference  In  energy  distribution  of  the  two  coMponents  at  their 
source.  It  way  be  sumlaed  on  fundawentel  grounds  that  the  redlatloa 
which  arrives  frow  directions  radically  different  froa  the  line  of  eight 
to  the  eKplosion  point  will  not  have  eny  high  energy  coaiJoncnts.  On 
the  other  hand,  that  arriving  In  directions  near  the  line  of  sight  will 
contain  all  the  high  energy  coeponent  of  the  redlation.  and  will  also 
contain  sowa  low  energy  redlation. 

TIm  infomation  avallebla  frow  the  two  references  cited  above 


Indicate  that  a  alHilar  picture  applies  for  neutrons.  The  high  energy 
neutrons  ere  wore  likely  to  cone  froa  a  direction  near  the  line  of  sight 
than  froa  e  wore  acattered  direction,  whereas  the  low  energy  neutrona 
show  a  greater  degree  of  isotropy.  However.  Ur  neutrons  this  raletlonshtp 
of  direction  and  energy  does  not  seea  to  be  gv’.te  as  aerked  as  lo  the  case 
of  geaaa  rays. 
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4)  Astuwed  Prowpt  KadUtton  Input  Oaf 

(«)  general.  It  U  atsuaea  that  the  total  gaaw  ray 
•xpotura  dose  in  the  open  Is  laiown»  and  that  the  total  neutron  flux  tn 
the  open  is  knoMn.  These  can  be  obtained  froB  baf.  5.01  or  ctasrlfted- 
sources. 

It  is  to  be  enpijastxed  that  the  pronpt  radiation  input  herein  has 
haeii  selected  for  the  shellar  entranceetay  problen,  and  Is  conservative 
froM  that  point  of  view.  Ik  Is  not  necessarily  conservative  fron  the 
standpoint  of  shelter  roof  attenuation. 

(b)  Canwa  Rays.  The  following  dose  angular  distribution 
for  ganaa  rays  Is  considered  reasonable  for  ranges  of  approxlaately  one 
■lie: 

40%  of  the  dose  arrives  from  direction  within 
an  angle  of  15°  fro«  the  line  of  sight; 

401»  of  the  dose  arrives  froa  directions  between 
angles  of  15°  and  40°  froa  the  line  of  sight* 
equally  distributed  ebove  the  horizon; 

201*  of  the  dose  arrives  directions  froe  directions 
beyond  40°  froo  the  line  of  sight.:  equally 
distributed  above  the  horizon. 

If  the  line  of  sight  Is  below  15°  with  the  horizontal*  essuwe  that  It  Is 
at  1S°.  Assum  that  the  radiation  dose  within  40°  of  the  line  of  sight 
equally  distributed  throughout  the  energy  spectrue  up  to  10.8  HeV.  If 
a  single  energy  Is  desired  to  characterize  this  coaponent*  a  value  of 
about  6  NeV  seeais  reasonable.  For  the  reiaalnder  of  the  radiation*  which 
Is  warkedly  scattered*  a  value  of  O.S  NeV  appears  appropriate. 

(c)  neutrons.  The  following  dose  angular  distribution  for 
neutrons  is  considered  reasonable  for  ranges  of  approxiaMtely  one  Bile: 

1S%  of  the  flux  arrives  froa  directions  within  an 
angle  of  15°  froa  the  line  of  sight; 

40X  of  the  flux  arrives  froa  directions  between  an 
angle  of  15°  and  an  angla  of  45°  with  tha  Una 

of  sight; 
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3C9L  of  til*  flux  arrives  fro*  directions  l>*&<««n 
tm  onjl*  of  45**  and  an  angle  of  75**  with  the 
11m  of  sight; 

1S&  «f  the  flux  arrives  froo  directions  beyMid..7S.** 
fraa  the  line  of  sight. 

For  all  directions,  om  mmjf  essuM  the  sen*  energy  distribution,  that  is: 

IdK  of  the  neutrons  have  energies  over  3  MeV; 

IQK  of  the  neutrons  have  energies  between  1.5 
oed  3.0  NeV; 

1^  of  the  neutrons  have  energies  between  0.75 
OMi  1.5  MeV; 

5S3L  of  the  neutrons  have  energies  between  200  ev 
aod  0.75  NeV. 

The  themal  neutrons  airo  Ignored  as  having  negligible  biological  consequences, 
conpared  with  the  hIglMr  energy  neutrons. 

Since  til*  sauw  energy  distribution  is  astuMed  for  all  directions 
the  reietionshlp  baeuoeo  biological  dose  end  flux  Is  the  sane  for  all 
directions.  If  thd  total  biological  dose  Is  given  therefore  for  neutrons, 
rather  than  flux,  tb*  sasee  percentages  apply  as  gtvan  abova. 

It  la  realltod  tliat  the  estioates  given  ere  based  on  Inadequate 
data.  Restareh  Is  still  baing  conducted  on  this  subject  by  various  gro^>t, 
and  within  the  nest  yeer  or  two  further  Inforwatton  should  be  forthcoMlng. 

It  Is  recotmended  that  after  this  Inforaatlon  becowes  available  end  can 
be  used  to  reflo*  tli*  prowpt  radiation  Input  data  recoanended  harain,  the 
designs  of  the  entraocoways  produced  froo  this  contract  be  reviewed  to 
Insure  that  they  are  oottber  Inadequate  nor  over-conservative. 

S.OS  FALLOUT  RAOtiUTlOi 

1)  Introdactioo.  Chapter  IX  of  ftef.  S.Ol  is  devoted  entirely 
to  this  subject.  Tbe  following  is  only  a  brief  suaoary  of  the  information 
contained  in  that  cbapter  as  It  epplles  to  the  problea  of  interest  of 
this  report. 
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A  stwlt*r  located  at  a  range  of  4600  ft.  fron  a  1  ITT  tMapon 
will  be  subjected  to  radiation  frott  tha  two  prlieary  modes  of  contamlnatlona 
I.e.a  neutron  Induced  activity  and  fallout.  For  prlmarriy  ffsalon  yield 
weapons*  the  contribution  through-  the  entrance  from  the  latter  source, 
at  this  ranget  is  considerably  greater  than  that  from  neutron  Induced 
activity* 

The  amount  of  contamination  and  Its  distribution  are  dependant 
upon  many  varlableSa  Including  weapon  yield*  height  of  burst* 
meteorological  conditions*  the  nature  or  physical  composition  of  the 
surface  over  which  the  weapon  Is  detonated*  and  the  relative  contributions 
of  fission  and  fusion  to  the  total  yield.  For  purposes  of  this  study  It 
it  assumed  that  the  1  MT  weapon  Is  detonated  on  the  surface  of  the  earth 
and  that  fission  contributes  lOOX  of  the  total  yield. 

These  two  assumptions  are  conservative*  particularly  the  latter 
since  weapons  yields  of  this  magnitude  usually  are  fusion  weapons  triggered 
by  a  fission  reaction.  However*  there  ere  other  concelveble  cases  which 
could  produce  even  heavier  conteminatlon*  e.g.*  a  multiple  weapon  attack 
with  overlapping  fallout  patterns  or  the  datonatlou  of  e  weiNXM  in  * 
heavy  rainfall , 

Brief  consideration  of  tha  effect  of  the  many  variables  Involved 
leads  quickly  to  tha  conclusion  that  an  inf ini ta  number  of  possible 
essumptlons  can  be  made.  The  preceding  etsumptlons*  though  erbitrery* 
ere  believed  to  be  reesonebly*  though  not  excessively*  conservative. 

2)  One-Hour  Ae.ferjance  Pose  Rate.  Besed  on  data  obtelned  at 
nuclear  weapons  tests*  a  reasonabla  maximum  one:-hour  refermnee  dosa  rate 
for  design  purposes  Is  10*000  roentgens  per  hour.  Peregreph  9.7S*  Ref.  S.Ol* 
stetes  in  pert*  '^cept  for  Isolated  points  In  the  Immediete  vicinity 
of  ground  zero*  observetlons  Indicate  tt'>at  unit-tima  refaranca  doee 
ratas  greetar  than  about  10*000  roentgens  per  hour  are  unlikely.  A  possible 
reason  is  that  as  the  weapon  yield  Increases  so  also  does  the  Initial 
voltjMi  of  the  radloectivm  cloud;  hence*  the  maximum  concentratten  of 
activity  In  tha  cloud  doas  not  change  very  much  with  the  yield.  The 
fallout  contamination  modarataly  near  ground  zero*  where  the  dose  rate 
is  high,  will  thus  not  Increase  In  proportion  to  the  yield* 
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3)  Tof  1  AccituUtcd  Oqsb.  Assiwlng  that  at  this  ranga 
(4600  ft)  fallout,  bag  I ns  to  deposit  at  about  one  alnuta  after  detonation* 
the  total  aecusulatad  dose  (for  an  infinite  stay  tiee)  at  3  ft.  above 
the  plana  of  eontminotion  would  ba  93,000  roentgenr.  (FIs'.  9;20  p.  413, 
Ref.  S.Ol). 

4)  Energy  Spectme.  In  order  that  use  can  be  aade  of  extensive  ■ 
calculations  nade  by  Spencer  (Ref.  S.13)  and  others*  tt  is  assusod  that 
the  energy  spectrua  of  the  gaaae  radiation  froa  the  contaaination  Is  that 
associated  with  fission  product  decay  at  about  1  hour  after  detonation* 

It  is  considered  that  this  is  a  reasonable  approxiaation  to  the  energy 
spectrua  over  the  period  of  occupancy. 

5)  Dose-Angular  Distribution.  Spencer  (Ref,  S,13)  cMputed 
the  dose-angular  distribution  of  gaana  radiation  caitted  by  fallout*  using 
the  energy  spectrua  indicated  above,  for  various  cases  of  Interest.  Theta 
calculations  have  been  presented  in  chart  fora  in  Ref,  S,13  and  will  be 
used,  as  appropriate*  to  dataralne  contributions  through  the  entrance 
structures. 

5.06  THERHAL  EFfECTS 

1)  Prlaarv  Effects*  The  intensity  of  theraal  radiation  at  4 
range  of  4600  ft.  frm  a  1  NT  weapon  Is  calculated  to  be  on  the  order  of 
1000  celorles  per  square  cantlaetar.  This  Intensity*  though  high,  will 
causa  no  significant  daaago  to  exposad  concrate  portions  of  tha  shaltar 
antrance  structure* 

However,  coebustible  aateriels  in  the  vicinity  of  the  shelter 
entrance,  if  ignited,  could  constitute  a  serious  hazard  by  producing 
noxious  gases. 

2)  Secondary  Effects.  At  this  range,  tha  probability  of  fira 
created  as  an  indirect  result  of  the  destructiOii  caused  by  the  blest  wave 
is  very  high.  Whether  or  not  such  fires  constitute  e  hazard  to  tha 
siteitcr  and  Its  occt4>ants  depends  upon  aany  factors  including  the  nature 
of  the  construction  in  the  vicinity  of  the  shelter,  the  distance  between 
buildings  or  bulltupness  of  the  area,  the  weather*  and  tha  terrain. 
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Exptriaental  data  and  a  discussion  of  tha  anvironmntal  hazards 
to  people  In  shelters  resulting  froa  fires  are  given  in  Kaf.  5.14.  Thasa 
data  ara  of  importance  to  the  design  of  tha  shelter  proper  and  In 
particular  to  the  possible  roguIrcflMnt  for  an  eotygen  supply  and  chaalcalp 
for  renoval  of  carbon  dioxide.  For  underground  strMturas  the  heat 
generated  by  fires  on  the  surface  will  not  constitute  a  hazard  to  sheltered 
personnel.  Iroido  and  NcMasters  show  that  tha  heat  which  would  '*flow** 
down  an  entrance  passage  would  be  snail  coapared  to  the  heat  generated 
by  shelter  occupants. 

The  eiajor  problea  is  the  oxygen  depletion  and  tha  buildup  of 
noxious  gases  in  tha  air  outside.  This  problea  cen  be  solved  by  providing 
Mens  for  sealing  tha  shelter  and  aalntaining  tha  quality  of  tha  raclrcu> 
lated  air  Inside.  The  problasi  can  be  rediKcd  by  locating  all  entrancaSt 
kfhether  for  personnel  or  ventilation^  as  far  as  possible  free  sources  of 
fire  on  th^  surface  of  tha  ground* 
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TABU  S.OI 

RATIO  OF  HORIZONTAL  TO  VERTICAL  SOIL  FRESSittES 


K^i  For  StroftM  Up  to  1*000  pol 


Soli  OoscrIpttoo 

Dynoolc 

Static 

UodrolRod 

Undrolnod 

Orolood 

Cohos tootos*  Soils*  Ooop  or  Dry 

1/4 

1/3*denta 

l/2»looso 

1/3-doMO 

l/l-leoso 

•  • 

Unsoturotod  Gohoilva  Soils  of  Vary 
Stiff  to  Hard  Cooslstoncy 

1/3 

1/1 

1/1 

Unsoturotod  Cohos Ivo  Solis  of 

HodliM  to  Stiff  Consistoncy 

l/J 

1/1 

1/1 

Unsoturotod  Cohos Ivo  Soils  of 

Soft  Cooslstoooy 

3/4 

1/2  to  3/4 

1/2  to  3/4 

SMO 

Soturotod  Soils  of  Vary  Soft  to 

Hard  Conolstoacy  and  Cohooloolaos 
Soils 

1 

1 

l/2H»tlff 

3/4-soft 

Soturotod  Soils  of  Kord  Cooslstoocy* 

••  4  tsf  to  20  tsf 

3/4  to  1 

1 

1/1 

Srturotod  Soils  of  Vary  Kord 
CoosIstoAcy*  <1^  >  20  tsf* 

3/4 

1 

1/2 

> 

• 

TABU  S.02 


SUB6RA0E  MODULUS 


SoM  O*scrlptloa 


Modulus*  k 

psi  p«r  Inch  d«f1*ctto« 


Coheslonl«ss  toll4  . 

200 

Cohesive  soils*  very  stiff 
to  herd  conststency 

ISO 

Cohesive  soils*  Mdltw 
to  stiff  coAsUteacy 

100 

Cohesive  soils*  soft 
conststeacy 

so 

tit- 

TASU  S.03 

SEISMIC  VELOCITIES  OF  VAKIOUS  SQm 


Soli  Typ« 

lAO»c».^.<iry  sot  ts 
Ct«ys»  wet  soils 
Coarse,  contracted  softs 
Cemented  soils  {Sandstone} 

Shale 

Limestone 

Metamorphlc  rocks  and  volcanic  rocks 
Sould  rocks  (Grantto) 

Jointed  Grcntte 
Weathered  Rocks 
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e(fps> 

TOO  •  3,3dft 
2,40a>  6,400 
3,000  -  6»S00 
3,000  -  14,000 
6,000  -  t7»SOO 
7,000  -  2t,OQO 
10,000  22,C^ 

13,000  >  25,000 
8,000  -  15,000 
2,000  -  10,000 
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0fl{£trrA7f0N  fO*.  SHOCK  EKTKY  IKfO  OHEN  STAIK  EMTltANCE  CONFIOUKATION 


04  REFLECTED  SHOCK  PAtTERM  IN  OPEM  STAU 


ENTRAKCE  CONFIGURATIOli 


Loading  Condition,  (b)  Additional  Loading  Condition  For  Cato  Of 

No  Blast  Door  At  Outside  Entrpnoe, 

FI6.  S.QS  SUMK^W  OF  UBAOfKfi  COSOITIOHS  FOR  CORRIDOR  SECTIOH  SELOU  GROUND 


Peak  Reflected  Preseure,  p^*  pel. 
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CHAPTER  6.  RADIATIOM  SHI ELOiMC- DESIGN  PARAMETERS 
6.01  IKTRODUCTION 

TYm  prime  objective  of  this  chapter  Is  to  disctiss  the  shielding 
properties  of  materials  and  the  radiation  protection  afforded  by  the 
entranceway  eie«ents»  l.e.>  entrance  opening*  corridor  lengths  and  bends* 
and  barriers. 

Charts  are  presented  of  reduction  factor  versus  solid  angle 
fraction  and  mass  thickness  for  prompt  and  residual  gamma  radiation 
and  for  prompt  neutron  radiation.  A  detailed  design  procedure  utilizing 
these  charts  is  presented  in  Chapter  8. 

6.02  PROPORTIONS  OF  VARIOUS  CONTRIBUTIONS 

1)  General .  The  total  dose  received  within  the  shelter  Is 
the  sum  of  the  prompt  radiation  dose  and  the  residual  radiation  dose 
contributed  both  through  the  entranceway  and  through  the  shelter  proper. 
ITterafore*  In  order  to  design  either  of  these  components  the  relative 
proportions  of  each  type  of  dose  must  be  established* 

2)  Entrancewdy  vs  Shelter  Proper.  The  percentage  of  the  total 
dose  (prompt  plus  residual)  which  can  be  accepted  throu^  the  entranceway 
cannot  ba  established  a  priori.  In  general  form*  the  relationship  batwaen 
the  amount  which  Is  contributed  through  ail  entrancaways  and  the  amount 
which  Is  contributed  through  the  shelter  proper  can  ba  expressed  as 
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whera  P^  ■  protection  factor  dasfred 
R^  ■  reduction  factor  desired 

•  contribution  through  the  entrance  corridor 
C„  •  contribution  through  walls  and  roof  of  tba  shalter 
The  Intar-ralatlonship  of  and  Is  shown  graphically  In  Fig.  6.01, 

C. 

When  *  0*  the  aiass  thickness  required  In  the  shelter  for  a 
' 

given  geometry  Is  a  minimum;  convarsely*  when  •  I*  It  la  a  maximum, 
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SIkc*  this  stu<iy  1%  4«vot«d  •achttlwily  to  oiitrohcoMiyt  •ni 
consequently  with  no  prior  knoMleds*  of  •  porttcwler  shelter,  tt  has  been 
assunKKl  that  half  of  the  total  contrlbotloB  Is  racolved  through  the 
entrancoMay  and  the  other  half  thfougli  tho  sholtor  proper.  Coiq>arattvo 
designs  for  a  particular  shelter  cooplox  say  Isdlcate  that  siooe  other 
proportion  Is  aore  econoaitcal. 

3)  Prqopt  vsJesfduaT.  As  la  tho  case  of  proportioning  the 
contribution  betwaen  the  entranoeMey  and  the  shelter  proper*  It  Is 
difficult  to  proportion  accurately  the  eaftrsocsuay  contribution  batMeea 
the  proopt  gaase  radiation,  proopt  neutioo  raiiatlon  and  residual 
radiation  before  the  design  of  the  eatraneanaqp.  This  proportioning 
Mill  not  only  be  dependent  oo  the  reiatiue  levels  of  the  three 
types  of  radletlon.  but  elso  on  the  rasaltlag  cstrencetNy  conflguratlpn* 

For  preltstesry  design  purposes  is  this  study  It  has  beea 
essueed  thatt 

a.  Ona-half  of  the  contrlhttlos  throu^  the  entrancestey 
Is  residue!  redtetlos. 

b.  One-half  of  the  contrllnittos  throu^  the  entrenceway 
Is  proBpt  radletlon.  divided  equally  betwaen  proaipC 
gewu  and  proept  neutroe. 

Vhita  this  distribution  has  heee  anted  In  this  report*  coaq>ara- 
tlve  designs  of  a  coaplete  sheltar  eay  ledlcete  that  soee  other  proportions 
ere  eore  econoeleal. 

^-CQPortlons  Assumed  for  Oeslew  Eacanpla.  For  this  study, 
tha  following  oontrlbutlons  have  bean  sisaeal  la  tha  Illustrative  dasign 
exaapla  of  Chapter  9s 
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Total  Do««  f40 


1 - - 

$h«lt«r  ProMT 
(iO  radt) 


rroupt 


Msldual 


1 

Entranccway 
(20  radt) 


* 

I 

I 


Rest  dual  Proaipt 

(10  rads)  (10  rads) 


T 

I 


« 

« 

a 


Mautroa  tiMwa 

(S  rads)  (5  rads) 


S)  Racoiaaended  Rrooedure.  Basad  on  tha  abova  cosaaents.  It 
1$  raccMaasndad  that  tha  following  procadura  ba  usad. 

a,  Oatarataa  tha  accaptabla  total  radiation  doaa  (prMpt 
plus  rtsldual)  which  can  ba  tolaratad* 

b*  Cstlaata  tha  total  radiation  dosa  (proapt  plus  rasiduat) 
tdilch  caa  ba  accaptod  through  tha  antraacattay  alona, 

c.  EstlaMta  tha  proportions  of  tha  antfancaway  dosa  which 
will  ba  racalvad  froai  tha  proapt  gaana*  prowpt  cwutnm* 
and  rtsldual  gaawa  radiation. 

6.03  ShlELOINQ  RRORERYiES  Of  MRTERIAIS 

I)  Oent^ral ,  Tha  shialding  propartles  of  various  construction 
■atarlala  ara  dapandcnt  upon  many  varlabits,  iRcluding 

a.  tha  natura  of  tha  radiation.  I. a..  %d)alhar  parttcia 
or  alectronagnatic  wava  radiation! 

b.  tha  energy  of  the  radiation; 

c*  tha  geoaatry  of  tha  sourca 

d.  tha  gaonetry  of  the  ahiald; 

a.  tha  orientation  of  tha  shlald  with  raspact  to  tha  sourca; 
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f.  th«  physical  prop«rtl«s  of  th*  alMMiits  cbapristag  tk« 
shield;  and 

9.  tha  thickness  of  the  shield* 

Me  sli^le  foreulatloa  can  cover  all  cases  of  Interest* 

2)  Shielding  Against  Fallout  Radiation.  Techniques  of  shielding 
calculations  for  fallout  goxea  radiation  have  been  presented  by  Spencer 
(Ref.  6.01).  The  prlnary  external  hazard  froa  fallout  contaalnatlon  Is 
gama  radiation.  For  purposes  of  calculation  Spencer  used  the  range  of 
energies  associated  tiith  fission  product  decay  at  I.I2  hours  after  detonao 
tion  and  assusKd  tha  source  distribution  to  be  planar.  In  addition* 

Spencer  asstaaad  plana  shields  of  uniform  thickness  at  various  orientations 
with  respect  to  tha  source.  The  res*tUs  obtained  are  presented  In  cherts 
\dilch  stay  be  used  for  analysis  and/or  dastgn.  Subsequently*  these  date 
were  presented  In  slightly  different  fom  In  Ref.  6.02.  The  charts  froM 
the  latter  reference  have  been  used  for  all  analysis  and  design  work  In 
this  docuisent. 

3)  Shielding  Against  PttHnat  Nuclear  RadlatloR.  Unfortunately 
the  probleai  of  shielding  egainst  pronpt  nuclear  radiation  has  not  bean 
studied  as  thoroughly  as  fallout  radiation.  Tha  inforoatton  »dtlch  follows 
is  based  on  praliailnary  calculations  and  has  Inadequata  axparlawntal 
verification, 

Thara  are  tto  forms  of  proapt  nuclear  radiation  which  are 
penetrating  and  thus  hazardous  to  {Sheltered  personnel;  f.t«*  nautrons 
and  gaama  radiation.  A  suaiaary  of  the  available  Inforeetien  on  tha 
directional  and  energy  distributions  of  both  foras  is  contained  in 
Sec.  S.04.  The  assuaed  radiation  Input  data  presented  there  are  plotted 
In  Chart  6.01  for  both  prompt  gaama  and  prompt  neutron  radiation. 

(a)  Shielding  Against  Prompt  gomrsa  Radiation,  As  In  the 
case  of  fallout  gamma  radiation*  the  attenuation  of  prompt  gamma  radiatlom 
by  a  barrier  can  ba  expressed  as  a  function  of  tha  mass  thickness 
(X*  psf)  of  the  barrier.  That  Is.  for  most  common  construction  matarlais* 
tha  same  weight  par  unit  area  of  barrier  wilt  raduce  the  Intensity  of 
radiation  by  approximately  tha  same  amount  regardless  of  the  metertei 
used. 


AsstMiln^  plane  shields  and^hroad  bean  radfattecrv  the  cffecttv*^ 
ness  of  various  shield  thicknesses  nay  be  calculated  for vartessK 
orientations  of  the  shield  with  respect  to  a  tine  f ran  the  potat  Off 
detonation  to  the  point  of  interest.  In  Chart  6.02;  tite  barrier  redteetJam 
factor  for  prompt  gaam  (nitrogen  capture)  radlatloo  is  plotted  as. » 
function  of  atass  thickness  for  various  orientations  of  the  sht^td».  Sfmtm 
approKisately  8S%of  the  pronpt  game  dose- at  this  range  is  capture  9Mn» 
radiation  ealtted  by  nlfxtgen  nuclei  after  captuitR^.  neutrons*  QCef.  SJS^ 
It  Is  conservative  to  assune  that  the  entire  flux  ts  of  this  htgber 
energy  radiation. 

(b)  Neutron  Shielding.  The  attenuation  of  the  oeufcnni  fTaqe 
by  a  barrier  Is  not  so  slnple.  Neutrons  my  be  either  scattered  or  oaptsmA 
by  the  nuclei  comprising  the  shield  with  differing  probabilities 
sections)  for  each  of  these  events  and  each  constituant  element  of  thet 
shield.  Horeovor,  neutron  cross-sections*  in  genarai*  are  quite  vsrfinhls: 
with  neutron  energy  so  that  as  the  neutron  loses  energy  by  means  of 
scattering  Interactions,  the  ratio  of  the  scattering  and  capture  ccoss!-^ 
sections  does  not  remain  constant. 

Fortunately,  most  soils  and  ordinary  con^trete  are  ecmiposed  of 
much  the  same  elements  In  roughly  the  same  relative  quantities.  The  tM» 
materials  therefore  have  roughly  sinllar  shielding  properties* 

The  attenuation  of  neutrons  from  a  fission  weapon  f  —2:J5  KaV) 
by  a  plane  shield  Is  plotted  In  Chart  6.03  as  a  function  of  mss  tbieJuMtts 
for  two  orientations.  In  Chari  6,04  the  barrier  reduction  factor  far 
neutrons  from  fusion  capons  ('«  14  NeV)  Is  plotted  as  a  function  of  mnsp 
thickness  for  two  orientations.  Note  that  these  charts  should  b«  used 
only  for  earth  and  concrete. 

6.04  PROMPT  RAOIATION  PROTECTION 

1)  Entrance  Reduction  Factor.  The  dosv  received  at  a  point 
within  the  entrance  structure  will  be  less  than  the  “fiwfiel^?*  dosm 
even  If  the  weapon  were  detonated  so  that  the  point  of  burst  could  bm 
seen  from  this  point  inside.  This  reduction  ts  due  to  the  fact  that  * 
portion  of  the  tot*l  dose  received  outside  is  from  rsdiatlon  (di8e^  has 
been  widely  scatteredo 
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It  Is  tssuMed  th«t  th«  contribution  Inside  received  froM  point* 
beyond  the  field  of  view  Is  negHglble.  Of  course  soa*  portion  of  that 
radiation  will  enter  the  entrance  structure  and  be  scattered  fro«  the 
walls  toward  the  point  of  Interest.  Allowance  H  aade  for  wait  scattered 
radfatroo  fn  Chart  6.0T. 

To  obtain  the  entrance  reduction  factor.  It  Is  necessary  to 
coapute  the  solid  snste  fraction  subtended  by  the  opening  at  the  point 
of  Interest  and  enter  the  abscissa  of  Chart  6.01  with  that  vatu*.  The 
value  obtained  fros  tt<e  ordinate  Is  the  entrance  reduction  factor. 

Appendix  C  presents  a  dafinitlon  and  a  discussion  of  tha  solid 
angle  fractloit.  For  convenience  In  coeputlng  the  solid  angle  fraction 
subtended  by  a  rectaa^lar  surfaca  at  the  point  of  Interest,  the  solid 
angle  fraction  Is  plotted  as  *  function  of  twa  paraaieters  "e"  and  'Vi" 

In  Chart  3  of  Ref.  6.02.  These  paraneters  are  defined  In  Appendix  C; 

2)  Caama  Attenuetlcn  by  Bends  Beyond  Entrance.  Tha  reduction 
factor  for  bends  beyond  the  first  leg  of  the  entrance  corridor  may  ba 
calculated  as  follows  for  00^  bends: 

(«)  First  $0°  bend. 

R.  •  0.1  (0, 


where  R-  •  reduction  factor  for  fLtt  OO**  band 
beyond  tha  entrance  leg 

<&|  <"  solid  angle  fraction  subtended  by  the 
corridor  section  at  the  next  point  of 
Interest 

(b)  Second  and  subsequent  00^  bends. 

R,  •  O.S  <»„  ;  for  n  •  2,3.,. 
n 

For  convenience  the  solid  angle  frectlons  subtended  by  tl>e  standard 
corridor  widths  of  3  ft.  and  4  ft.  and  for  the  standard  corridor  height 
of  7  ft.  are  plotted  as  function  of  the  corridor  length*  2.  In  Chart  6.05. 

3)  Heutrnn  Attenuation  In  Corridor  Beyond  First  Bend.  There  Is 
very  tittle  In  the  way  of  theory  or  experlaent  >dilch  bears  directly  on  tha 
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problea  of  tho  •Ctsouatlon  of  neutrons  tn  the  ontranen  Stractur*.  Tbnrt- 
for««  tho  Method  of  solution  offorod  hora  Is  not  ot  oil  proctso.  Tho 
approach  Is  based  on  data  obtained  by  the  Araour  Research  Foundation  on 
the  streea^ng  of  thecnel  neutcoas  alons  a  two^lass*^.  Ideal !xed  entrance* 
way»  6  ft.  square.  (Ref.  6.04).  These  data  Indicate  that  the  attenuation 
of  thermal  neutrons  damn  the  second  teg  follows  an  exponential  law} 
furthermore*  by  extrapoTatTng  backwar<f  froM  the  second  leg  Into  the  first 
leg*  without  regard  to  the  turn  at  the  comer*  the  sane  exponential 
relationship  Matches  the  data  for  the  first  leg  within  s  factor  of  two 
or  better.  Qualitotlvely*  these  saern  results  have  also  been  obtained 
for  thenaal  neutrons  streaalng  through  bent  cylindrical  ducts  la  reactor 
shields  (see  Fig.  4.12.6  of  Ref.  6.05).  The  exponential  relationship 
Is  such  that  the  doso  Is  reduced  by  approxlMately  e  I<a1f  for  every  4.4 
ft.  of  duct  length*  Measured  down  the  center  axis  of  the  corridor* 
regardless  of  any  turning.  It  Is  supposed  therefore  that  this  exponantlal 
rule  May  serve  for  ell  neutrons  and  that  the  saMO  half  length  occurs  for 
every  energy  groupi  tn  other  words*  the  energy  distribution  of  the  neutrons 
roMalns  essentially  constant  as  It  proceeds  through  the  cntrtinceway  or* 
at  least  if  It  does  not*  It  Is  not  too  unsafe  to  eisueaa  that  It  does* 

The  other  supposition  Is  that  this  attenuation  rate  scales 
directly  with  the  average  cross-sectional  dlwenston. .  It  Is  not  unreasonable 
to  assuaa  that  If  neutron  flux  attenuates  by  neutron  collision  with  the 
walls*  an  equivalent  picture  can  be  dtutwn  with  corresponding  paths  at 
sows  other  scales*  This  cat?  be  assunt-d  provided  corridor  cross-sect lenal 
dlwensiqns  are  large  cowpared  with  tha  neutron  nean-fiwpath  tn  tha  wall. 
Thus*  the  attenuation  half-length  of  a  corridor  at  three-quarters  scale 
should  be  three-quarters  of  that  at  full  scale;  or*  In  terns  of  corridor 
linear  cross-sectional  dlMenslon*  the  half-length  for  attenuation  would 
be  the  same  nuaber  of  corridor  *Mlaawt«rs*'  dowi)  the  corridor  regai'dieis 
of  scale,  it  Is  also  reasonable  to  use  the  average  of  actual  width  and 
height  as  an  average  "dIamateH*  as  long  as  the  be!ght-to-width  ratio  Is 
not  greatly  different  froa  unity. 

Thus*  to  obtain  a  reduction  factor  for  neutrons  streaMlng 
down  the  entrance  corridor  beyond  the  first  90^  bend*  It  Is  necassarv  to 
obtain  e  "helf-length"  for  the  corridor  end  than  to  divide  the  tocel 


Isngth  of  corridor  beyond  the  first  ba«id  hy  tkm  to  obtain 

the  nuaber  of  ‘Ijaif-langtha**  Involved. 

(a)  Half-lawotho, 

1,^2  - 1  On*  W)  {^  -  11,366  Cm  +  w) 

Nhere  *  h*lf  leesth  «f  entrance  corridor*  ft. 

M  ■>  beisht  of  oorridor,  ft. 

H  ••  width  of  cecrfdor*  ft. 


where  n  »  nunber  of  balf-lengt&s 

L  »  total  iMfth  of  corridor  to  point  of  interest 
beyond  the  first'  bend. 


4)  Attm>fltion  by  Barrier  Shlfel^lieq. 

(4  Sarr^r  at  entrance.  W«e  there  is  a  barrier  at  the 
outside  entrance  the  barrier  reduction  factor  is  cjbtalned  froo  Charts 
6  .02  tUtvv^h  for  the  appropriate  ansle  of  Incidence  and  type  of 
radiation. 

(b)  Serrters  beyond  first  bend. 

I,  fianata  Radi  at  ton.  Ihe  oisergy  level  of  that  §eeea 
radiation  whidt  Has  scattered  through  an  ensl*'  of  cannot  be  greater 
Chan  O.SI  heV*  rogardiess  of  the  energy  of  the  initial  photons.  Therefore 
a  barrier  of  a  given  nass  thickness  (X|  will  be  noro  effective  for  such 
scattered  photons  then  for  the  hi^r  energy  pbotoos,  A  barrier  reduction 
factor  for  O.S  NeV  pa«i»  {Mediation  la  plotted  as  o  function  of  atass 
thicknesa  in  Chart  6.0b. 
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Furth«r  sccttarlng  wHI  reduce  still  further  tlie  energy  level 
of  the  redtetlon.  Therefore*  It  Is  conservetive  to  use  the  reduction 
factor  obtained  fsxm  Chart  6.06  for  ell  barriers  beyond  the  second  90'° 
timrr  mr  woff. 

2.  Heutrons.  It  Is  probable  that  the  energy  spectrtm 
of  the  neutron  flux  beyond  the  first  90°  bend  will  be  shifted  toward  the 
lower  end  of  the  free-fleld  spectrun  fee  nany  reasons*  Including  the  fact 
that  alt  such  radiation  eust  have  entered  Into  a  scattering  Interaction 
and  thus  has  been  degrad'd  to  a  certain  extent.  In  view  of  qualitative 
considerations  It  Is  probably  conservative  to  use  the  barrier  reduction 
factor  for  nob»aI  Incidence  of  2.5  HeV  neutrons  In  Chart  6.03  for  all 
interior  barriers. 

3.  Secondary  Cawwa  Ravs.  Absorption  of  themal 
neutrons  In  the  walls  of  the  corridor  will  la  general  cause  secondary 
ga«B8  rays*  vdllch  are  very  likely  to  creete  an  Inportent  hezerd*  even 
greater  than  that  caused  by  the  neutrons  and  gamaa  rays  streaaing  down 
from  the  entrance.  At  present  there  Is  no  adequate  eethod  of  designing 
against  this  effect,  it  Is  believed  that  the  present  degree  of  conseivetlsai 
Inherent  in  analysis  and  design  to  take  care  of  other  haxords  will  help 
this  situation  to  so«m  extent*  but  whether  such  an  approach  to  the  problea 
Is  adequate  or  not  Is  unknown  at  this  ttma.  It  has  been  suggested  that 
Introduction  of  boron  Into  the  walls,  perhaps  by  a  sort  of  '‘wash**  of 

borax  or  sluller  Material*  will  help  In  ellevletlng  the  secondary  gs—s 
ray  probleM, 

6.0S  AESIOUAL  RADIATION  fkOTCCTION 

I)  Entrance  Reduction  factor.  As  In  the  case  of  proapt  radiation* 
the  dose  received  et  a  point  Inside  the  entrance  atrucCure  will  be  less 
than  that  which  «gouId  be  received  In  the  open,  the  total  dose  received 
at  such  a  point  Is  the  sum  of  contributions  received  from  **tkyshtne"; 
centaalnatlon  on  an  overhead  barrier.  If  any;  and  contaitl nation  on  stairs 
or  any  other  horizontal  surface  below  the  point  of  the  detector  (celled 
"ground  direct"). 

The  procedures  for  the  calculation  of  the  contributions  fro« 
these  sources  arc  presented  In  detail  In  Ref.  6.02  end  will  not  be  presented 
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here.  The  contribution  from  the  skyshine  May  be  obtained  froa  Casa  3, 

Chart  10  of  Ref.  6.02.  assuming  that  the  dose-angular  distribution  of 
skyshine  Is  constant.  As  an  alternative  procedure- the  skyshine  contribu¬ 
tion  could  be  obtained,  fraa  Chart  S.  Ref.  6.02.  The  contribution  from 
contamination  on  an  overhead  barrier  may  be  obtained  from  Chert  4  of  the 
same  reference.  And.  finally  the  ground  direct  contribution  froa  plana 
sources  below  the  level  of  the  detector  nay  be  obtained  froa  Chart  5 
by  treating  each  such  plane  as  a  United  plane  source. 

2)  Attenuation  by  Bends  Beyond  Entrance.  The  procedures  for 
calculating  the  residual  radiation  dose  reduction  by  bends  beyond  the 
first  leg  of  the  entrance  corridor  are  Identical  to  those  given  In  Sec. 

6.03  for  prompt  gasna  radiation. 

3)  Attenuation  by  Barrier  Shielding. 

(a)  Horizontal  Barriers  at  Outside  Entrance.  If  there  Is 
a  horizontal  barrier  covering  the  outside  entrance,  the  reduct*on  factor 
should  ba  obtained  as  Indicated  above  from  Chart  4  of  Ref.  6.02.  That 
Is.  this  barrier  reduction  factor  will  be  hand1<3d  es  c  port  of  tho  entrance 
reduction  factor. 

Vertical  Barriers  at  Outside  Entrance.  The  -berrler 
reduction  obtained  by  e  vertical  barrier  at  the  outside  entrance  can  be 
obtained  froa  Case  2.  Chart  I  of  Ref.  6.02.  Mote  that  the  Installation 
of  such  a  barrier  could  Increase  the  dos#  received  at  a  point  below  the 
plane  of  contamination  outside  by  scattering  ground  direct  radiation  down 
to  the  point  of  interest.  If  such  a  barrier  Is  provided  It  should  have 
a  mass  thickness  In  excess  of  SO  psf. 

There  are  two  coses  of  Interest  here  vhich  should  be  tiendlcd 
differently* 

I.  Oetector  Above  Plane  of  Contafnlnat lop  (See  fig.  6.Q2| 
This  case  should  be  treated  In  the  conventional  fashion  assuming  the  «Joor 
to  be  an  exterior  wall.  Thus  the  contribution  through  the  vertical  door 
only  (to  which  the  contributions  from  other  sources  should  be  added)  auy 
be  written! 
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^  "d' V  { ['.<“«>  *  'd<“i>]  ['  -  ‘d'^d*] 

♦  [S4(»d>l  [=<•>!} 

wher«  •*  contribution  through  the  door* 

Ot  «  angle  subtended  by  the  door  In  the  liorl^ontet  plane* 

8j(X^)  ■  barrier  factor  (function  of  the  awss  thickness  of  the 
door)  obtained  from  Case  2*  Chart  I*  tef.  6.02* 

G  ((D  )  •  skyshine  contribution  (function  of  the  upper  solid 
angle  fraction)  obtained  from  Chart  5.  Ref.  6.02* 

G^(<Dj)  "  ground  direct  contribution  (function  of  the  lower  solid 
angle  fraction)  obtained  from  Chart  S*  Ref.  6.02* 

Sj(X^)  «  scatter  factor  (function  of  the  mass  thickness  of  the 
door)  obtained  from  Chart  7*  Ref.  6.02* 

G^(<Q^)  •  waP  scattered  contribution  received  through  the  upper 
solid  angle  fraction,  obtained  from  Chert  $*  Ref.  6.02* 

G^((aj)  «•  wall  scattered  radiation  received  through  lower  solid 
angle  fraction,  obtained  from  Chert  S*  Ref.  6.02 

E(e)  «•  shape  factor  (function  of  the  eccentrtclty  ratio) 
obtained  from  Chert  8,  Ref.  6,02. 

(Note:  •  ••  ^  ) 

2.  Detector  Below  Plane  of  Contamination  (See  Fig,  6.03). 
Assuming  the  detector  to  be  located  above  the  landing,  the  contribution 
received  through  the  door  at  this  point  nay  be  written: 

'4  ■  ^  w  { [».<“.>  -  “.<»;>]  ['  -  *4<y] 

*  -  6, (">;)]  [sj(Xj)]  [ew]} 

The  notation  Is  as  Indicated  In  fig.  6.03  and  the  procedure  is 
the  saaw  as  Indicated  for  the  case  of  the  detector  above  the  plane  of 
contamination. 
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(c)  Barriers  Beyond  First  90**  Bend,  The  attenuation  of 
fallout  gamma  radiation  by  barriers  beyond  the  first  90^  bend  will  be 
handled  In  exactly  the  same  fashion,  as  for  prompt  gamma  radiation.  It 
Is  apparent  that  •  barrier  Inside  will  be  more  effective:,  pound  for 
pound*  than  an  exterior  barrier,  solely  because  the  energy  of  the  gamma 
radlatiop  ha$  been  degraded  by  scattering  Interactions  within  the 
corridor. 

6.06  RECENT  EXPERIMENTAL  EVIDENCE 

Recent  experiments  Indicate  that  for  fallout  radiation  the  factor 
by  which  the  solid  angle  fraction  of  the  first  bend  Is  multiplied  to  obtain 
the  corridor  reduction  factor  may  be  substantially  greater  than  0.1, 
possibly  as  high  as  0.2  or  0*3.  On  the  other  hand.  Indications  are  that 
the  0.5  for  the  subsequent  bends  may  be  overly  conservative.  However, 
since  the  albedo  for  the  more  energetic  prompt  gamma  radiation  Is 
smaller  than  for  fallout  gamma  radiation.  It  is  quite  likely  that  tho.  O.I 
factor  for  the  first  bend  Is  adequate  for  the  prompt  gamma  radiation. 

However,  In  order  to  have  the  design  procedure  and  Illustrative 
problem  conform  to  the  methodology  of  Reference  6.02,  the  multiplying 
factors  of  0,1  for  the  first  bend  and  O.S  for  subsequent  bends  have  been 
utilised  herein. 
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Solid  Angle  Fraction,  w 

CKA*T  6.01  EWTRAKCE  REOOCTIOK  FACTOR  FOR  PROKFT  KUCLEAR  RADIATION  VERSUS 
SOLID  ANGLE  FRACTION  AT  A  RANGE  OF  AFFROXI HATELY  ONE  MILE  FROM  DURST  FOIMT 


NOTEI  Curves  Applicobie  To  Eorth  And  Conerete  Borrter*^  CNyt 


CHART  6.03  BARRIER  REDUCTION  FACTOR  VERSUS  NASS  THICKNESS  F9t 
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AS  A  FUNCTION  OF  LEKSTH  OF  CORRIDOR 
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CHART  6.06  CARRIER  REOUCTION  FACTOR  VERSOS  MASS  THICKNESS  FOR 
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CHAPTER  7.  BLAST  RESISTANT  DESIGN  PARAMETERS 
7.01  {NTROOUCTION 

In  this  chapter,  the  various  factors  governing  the  structural 
design  for  blast  resistance  are  first  discussed.  These  factors  Include 
loading,  structural  resistance^  design  considerations  as  affected  by  the 
material  used,  and  the  structural  properties  of  these  materials.  A 
tabulation  of  resistance  expressions  for  different  materials  and  support 
conditions  is  then  presented.  Finally,  a  series  of  charts  for  the  various 
materials  and  support  conditions  have  been  Included  to  facilitate  the 
selection  of  the  structural  section.  Detailed  design  procedures  utitlzln#' 
these  charts  are  presented  in  Chapter  B. 

7.02  LOADING 

The  loading  of  the  various  structural  elements  of  the  entrance^ 
way  structure  are  discussed  in  detail  In  Chapter  5.  The  loads  assumed 
therein  are  used  as  the  Inputs  in  the  design  of  the  structural  eiceients. 

Thase  loadings  (fig.  7.01)  are  long  duration  step  pulses  with  preasuree  pj^ 
which  are  a  function  of  the  location  of  the  elements  and  their  ortentattoiv 
with  respect  to  the  blast  wave. 

7,03  STRUCTURAL  RESISTANCE 

1)  Yieid  Resistance,  for  the  long  duration  slap  pulse 
loading  shown  in  Fig,  7.01,  the  relationship  between  the  design  paraaieter« 
is 

where  p^  •  peak  pressure 

•  the  yield  resistance  of  the  structural  clement 

p  w  the  ductility  factor  defining  the  maxiinum  acceptable 

response  of  the  structure,  I.e,,  the  ratio  of  the  maxImuM 
deflection  to  the  yield  deflection 

Tw3  important  design  parameters  do  not  appear  in  the  above  equation. 
These  parameters  are  the  measure  of  the  duration  of  the  loading  (t .)  and 
tlie  period  of  the  structural  element  (T).  These  paraateters  do  not  appear 
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because  the  ratio  t^T  Is  considered  to  ;be.  Infinite,  or  effectively 
greater  than  about  3..  Ref.  7.01  or  7.02  euy  be  consulted  to  obtain 
the  relationships  replacing  the  above  eguatloo  u4xeh  the  ratio  t^T  is 
smU. 

The  structural  yield  resistance*  q^*  and  the  Halt  of  acceptable 
structural  response*  u*  are  deteratned  by  considering  the  resistance- 
deflection  curve  for  the  structural  element.  The  resistance*  q*  considered 
as  a  static  loading  distributed  spatially  In  the  same  manner  as  the  air 
blast  loading*  Is  plotted  In  Fig.  7.02  as  the  ratio  q/q^*  uhere  q^  Is 
the  yield  resistance.  The  deflection  Is  also  plotted  In  dimensionless 
form*  x/Xy>  vdiere  Is  the  yield  deflection.  The  ductility  factor*  p* 
equals  x  /x^*  where  x_,^  Is  the  aaxlnnia  acceptable  deflection.  In  the 
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selection  of  both  structural  Integrity  and  structural  function 

should  be  considered.  The  value  of  x^^  should  not  be  greater  than  the 
deflection  at  which  the  resistance  of  the  structure  begins  to  drop  off 
or  fracture  occurs.  Operational  requirements*  e.g.*  avoidance  of  Jaaming 
of  a  door  or  Its  operating  aechanlsn*  may  set  a  lower  limit  on 

Fig.  7.02  Is  a  typical  resistancd-deflectlon  curve  with  Its 
Idealised  bt-l Inear  representation  as  used  In  design.  The  Idealised 
resistance  function  U  constructed  so  that  the  area  under  both  the  real 
and  Ideal  curves  are  equal  at  yield  and  at  Kiaxliujm  response. 

The  design  Involves  establishing  the  required  yield  resistance 
for  the  structural  element  end  then  providing  this  resistance  In  the 
structural  elentent.  The  peak  pressure,  p^.  Is  evaluated  using  the  blast 
Input  data  presented  In  Chapter  S  and  the  reflection  factor  which  U  a 
function  of  the  orientation  of  the  structural  eletaent  with  respect  to 
the  blast  wave.  If  allowable  maximum  deflection  Is  set  by  structural 
considerations*  the  ductility  factor,  u,  )s  a  function  of  the  type  of 
structural  etcn«nc  and  the  materials  used,  Jf  operational  requirements 
govern*  the  ductility  factor,  u*  will  be  selected  to  limit  the  maximum 
deflection  of  the  structure  to  the  permissible  magnitude. 

In  the  Sec.  7.06*  expressions  are  presented  for  the  yield 
resistance  (q^),  the  yield  deflection  (x^)  and  the  period  (T)  for  door 
elements  of  various  materials  and  structural  types.  The  maximum  recommended 
value  of  the  ductility  factor  based  on  consideration  of  structural 


See.  7.04 


147 


Integrity  it  presented  for  each  MterUi  and  each  structural  type  considered. 
These  u  values  eust  then  be  checked  to  insure  that  the  resulting  defonaa* 
tions  are  operational iy  acceptable. 

2)  Rebound  Resistance.  All  structures  designed  to  resist  blast 
forces  Must  be  proportioned  to  provide  rebound  resistance,  which  is 
equivalent  to  resistance  to  forces  acting  opposite  to  the  direction  of 
the  air  blast  loading.  Rebound  behavior  is  anst  severe  in  situations  in 
which  the  air  blast  Is  sharply  peaked,  but  appreciable  rebound  can  also 
bechf  for  tong  duration  loadings.  The  required  rebound  resistance  as  a 
function  of  p  and  the  ratio  of  loading  duration  to  period  (t^T)  can  bo 
found  froe  procedures  given  In  Ref.  7.01  or  7.03.  A  rebound  resistance 
of  is  adequate  for  peak  pressures,  p^,  of  iOO  psi  or  less,  t.e.* 
for  the  design  of  door  structures  that  are  located  either  flush  with 
the  ground  surface  and  not  subjected  to  a  reflected  pressure  spike  or 
at  the  end  of  an  entranceway.  A  rebound  resistance  equal  to  q^  Is  always 
adequate.  If  It  it  difficult  or  expensive  to  provide  these  levels  of 
rebound  resistance,  see  Ref.  7.01  or  7.03  to  detenaine  whether  a  lower 
level  of  rebound  resistance  Is  adequate  for  the  design  loading  condition. 

7.04  DESIGN  CONS  I  DERATIONS 

1)  Ganerai.  Presented  herein  ere  design  cans  I de ret  Ions  such 
at  recoMwended  ductility  fectors.  stability  requtressents.  reinforcing 
percentages,  etc. 

2)  Design  in  Hetals.  Door  designs  In  structural  steel  or 
aiuailnua  are  based  on  plastic  design  principles,  for  neabers  responding 
prlwarlly  In  flexure,  if  the  sections  are  sufficiently  ductile  to  perwit 
redistribution  of  ao«ent  after  the  first  inetastic  action  begins,  tha 
yield  leovent  Is  taken  as  the  fully  plastic  moment  of  the  cross-section. 

Structural  carton  steel,  I.e.,  ASTH  A-7,  A-36,  or  A-373,  possesses 
a  high  degree  of  ductility  and  strain  hardens  markedly.  Therefore,  the 
zones  of  Inelastic  behavior  In  structural  elements  formed  of  these  alloys 
will  be  widespread.  A  ductility  factor  In  flexure  of  10  has  been  used 
for  the  design  In  these  alloys. 
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Ml gh«r  strength  stecU  and  teapered  aluatnua  alloys  havo  less 
ductility  and  strain  harden  less  than  the  above  alld  steels.  The  zones 
of  Inelastic  behavior  will  be  nore  United  In  extent  wl-th  United  plastic 
hinge  rotational  capacity.  Therefore^  «  ductility  factor  of  no  nore  than 
3  Is  reconnended  for  designs  of  flexural  nenbers  in  these  naterlals. 

Conpression  neoibers  should  be  designed  for  a  ductility  factor 
of  1.3.  Tension  neiabers  nay  be  designed  with  the  ductility  factor 
appropriate  for  the  naterlal  In  flexure. 

in  order  that  the  yielded  cross>section  of  a  nenber  continue 
to  transmit  the  fully  plastic  nonent  through  large  rotations  of  the 
plastic  hinge,  limitations  are  placed  on  the  cross-sectional  dimensions 
to  Insure  stability  against  buckling.  Two  types  of  Instability  arc 
Important  for  flexural  members;  (l)  local  buckling  of  elements  of  the 
section,  and  (2)  lateral  buckling  of  the  compression  flange.  Lateral 
buckling  Is  not  commonly  a  problem  for  door  elements  since  the  compres¬ 
sive  flanges  will  ordinarily  have  continuous  lateral  support.  However, 

In  Instances  where  compression  flanges  ant  unsupported,  the  stability 
of  the  member  should  be  evaluated  following  the  procedures  given  In 
Ref.  7.04  for  steel,  and  In  Ref.  7. OS  for  aluminum.  It  Is  noted  that 
tests  have  shown  a  lessened  tendency  towards  buckling  for  rapid  load 
application;  therefore,  the  usual  specified  minimum  values  for  yield 
stress  may  be  used  as  the  required  stress  level  In  aquai^lsos  for  stability. 

The  following  limitations  on  the  dimensions  of  6o6I-T6  aluminum 
sections  were  obtained  from  the  equations  given  in  Ref.  7.05,  The  critical 
stresses  were  taken  as  the  appropriate  specified  minimum  yield  stresses. 
Interaction  equations  are  given  In  Ref.  7,04  for  states  of  stress  more 
complex  than  those  Indicated. 

Stability  Reou I rcwent s  for  6061-T6  AluwInuM  Alloy  Sections 


Compression  flange  of  VF,  I  or  H  Section 
Compi'esslon  f tenge  of  box  Section 
Outstanding  stiffener 
Web  in  shear 
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t4ier«  b  -  flange  width.  In.-  , 

■  stiffener  width.  In. 
d  ■>  depth  of  section.  In 
t^  flange  thickness.  In. 

>  stiffener  thickness,  fn. 
w  ••  web  thickness.  In. 

The  following  llnitattons  on  the  dimensions  of  ASTK  A*-7,  A«36 
or  A*373  steel  sections  are  taken  from  Ref.  7.04.  The  relations  are  based 
on  an  axial  yield  stress  level  of  33  ksl,  but  tests  have  shOMi  that 
sections  meeting  these  requirements  perform  satisfactorily  under  rapid 
loading  la  spite  of  the  Increased  yield  point. 

Stability  Requirement  for  A-7,  A-36  and  A-373  Steel  Sections 
(Notation  as  shown  for  Aluminum) 


Coapresslon  flange  of  VF,  |  or  H  seettom 

Compression  flange  of  box  section 

b 

Outstanding  stiffener 

<  8.5 

t  “ 
s 

Veb  In  shear 

Interaction  expressions  for  more  complex  stress 

states  are  given 

In  Ref.  7.04  which  also  contains  more  general  expressions  %dtich  must  be 
used  to  set  stability  limitations  on  the  dimensions  of  sections  fabricated 
of  higher  strength  steal. 

The  structural  resistance  Is  defined  by  the  yield  level  and  the 
ductility.  The  product  of  these  quantities  Is  a  measure  of  the  energy 
absorption  capacity  of  the  structure.  Continuity  of  structural  elements 
provides  an  increased  energy  absorption  capacity  and  should  be  provided 
where  practicable  in  mtal  blast  resistant  structures.  To  attain  continuity. 
Joints  should  be  designed  to  develop  the  full  flexural  or  axial  capacity 
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of  the  meflyber;  otherwise,  deformations  Will  be  concentrated  at  the  joints 
and  the  overall  ductility  of  the  element  will  be  reduced. 

Welded  construction  can  readily  provide  structural  continuity, 
tiowever,  approved  welding  procedures,  good  weld  and  fabrication  details* 
properly  selected  welding  rods,  and  weldable  base  metal  are  essential 
if  brittle  response  Is  to-be  avoided.  Riveted  or  bolted  joint  details 
should  be  free  of  sheared  edges  and  punched  holes,  and  adequate  edge 
distances  should  be  provided. 

3)  Design  in  Reinforced  Concrete.  Reinforced  concrete  beans 
o.'.d  liavi*  A  .-«cist.>nr*  function  similar  to  that  shown  in  Fig.  7.02, 

if  brittle  behj-vior  Is  avoided,  I.e.,  the  member  responds  tn  flexure 
instead  of  diagonal  tension  or  shear.  Since  brittle  response  is  undesirable, 
reinforced  concrete  beams  and  slabs  are  proportioned  to  respond  in  flexure, 
i.e.,  the  resistance  in  flexure  Is  deliberately  made  less  than  that  In 
diagonal  tension  or  pure  shear.  Flexural  response  may  Itself  be  brittle 
if  failure  occurs  by  crushing  of  the  concrete  before  yielding  of  the 
reinforcement.  For  this  reason,  the  steel  percentage  must  be  held  to  such 
a  level  that  the  metsber  Is  under-reinforced. 

Reinforced  concrete  flexural  members  are  proportioned  for  moment 
resistance  by  ultimate  strength  theory  using  the  stresses  for  steel  and 
concrete  given  in  Sec.  7. OS  of  this  chapter.  Shear  and  diagonal  tension 
resistances  are  computed  based  on  the  static  material  properties  since  It 
is  desired  to  avoid  these  twdes  of  response. 

Where  possible,  no  more  than  2  percent  flexural  steel  should  be 
used.  The  net  flexurai  steel,  the  difference  between  the  percentages  of 
tensile  and  compressive  steel,  should  be  less  than  1.5  percent.  In  unusual 
circumstances.  It  Is  permissible  to  use  as  much  as  40  percent 

net  flexurai  steci  when  compressive  steel  is  provided.  Doubly  reinforced 
meaibers  should  be  used  whenever  practicable  since  the  ductility  is  Improved, 
rebound  resistance  Is  provided,  and  the  placing  of  shear  reinforcement  Is 
facilitated.  It  is  necessary  to  provide  a  mlnitiHim  amount  of  tensile 
reinforcement  to  avoid  brittle  behavior.  Normally  at  least  0.2S  percent 
tensile  steel  should  be  provided,  but  In  unusual  cl rcumstancas  the  tensile 
steal  percentage  may  be  reduced  to  2 
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if  the  addition  of  vieb  reinforcee>^nt  Is  required  to  prevent 
sheer  or  diegonel  tension  feiiure«  at  least  0.25  percent  should  be  used. 

Only  vertical  stirrups  are  to  be  used  for  diagonal  tension  relnforccaentt 
since  Inclined  stirrups  provide  a  plane  of  weakness  uhen  the  loading 
direction  Is  reversed  In  reboun-'f. 

Under>reinforccd  flexural  eeaibers  proportioned  to  preclude 
response  In  shear  or .diagonal  tension  are  designed  for  a  ductility 
factor  of  3.  Coapresslon  aenbers  or  over- re info reed  flexural  aenbers 
should  be  designed  for  a  ductility  factor  of  1.3. 

Because  structural  continuity  is  required  for  proper  behaviort 
reinforcing  splices  aust  be  designed  and  fabricated  with  care.  Reinforcing 
waids  aust  develop  the  yield  strength  of  the  baft  and  bar  lap  splices 
aust  satisfy  the  ACI  requtreaents.  In  zones  of  high  bar  stress*  the  lap 
should  exceed  the  ACI  ainlaua;ta  atnlaua  lap  of  30  bar  dlaaeters  is 
recooaanded.  Care  aust  also  be  taken  to  provide  adequate  anchorage  for 
reinforceoent.  An  anchorage  should  be  capable  of  developing  the  yield 
strength  of  the  bar*  and  ail  bars  used  should  neet  the  ASTH  A«30S 
specification  for  deforaatlons. 

4)  Design  in  Timber.  In  general*  tiaber  lacks  the  strain 
capacity  required  to  develop  a  fully  plastic  aoaent  at  a  section.  Therefore 
designs  In  tiinber  should  be  based  on  elastic  theory  working  stress  design* 
but  the  Increased  allowable  stresses  should  be  used.  Tieber  strain 
hardens  rapidly;  therefore*  the  Inelastic  regions  of  the  neeber  will  bo  of 
considerable  extent.  Thus,  the  ductility  factor  of  3  used  for  design 
charts  In  this  report  appears  reasonable  for  timber  flexural  Members. 

Timber  tension  members  also  a»ay  be  designed  for  a  ductility  factor  of  3* 

If  the  connections  develop  the  full  strength  of  the  member.  Tl»ber  cotuens 
should  be  proportioned  for  a  ductility  factor  of  1,3, 

7. OS  STRUCTURAL  PROPERTIiS  OF  WTeRIALS 

General .  In  this  section  are  presented  the  strength 
properties  of  materials  considered  suitable  for  entrance  structures. 

In  atany  Instances  the  variety  of  commercialty  availabte  materials  Is 
too  great  for  co«>plete  description  of  pertinent  properties  In  this  report. 
Therefore,  expressions  for  design  stresses  for  protective  design  are 
given  In  lieu  of  extensive  strength  tabulations. 
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Protectivft  structural  ure  designed  on  the  bests  of  a  predicted 
failure  toad,  failure  being  defined  either  by  the  Heft  of  acceptable 
defonaatlon  or  by  the  collapse  of  the  structural  ele«ent.  Nomally  a 
duett le»  large  deforMtIonr  failure  Kode  la  desired  In  deslga  stuoa  large 
aaounts  of  energy  are  absorbed  In  Inelastic  deformation.  By  making  use 
of  the  energy  absorption  capability  the  resistance  required  of  the 
design  Is  greatly  reduced. 

The  design  stresses  given  herein  correspond  generally  to  the 
probable  yield  stress  of  the  material  under  the  blast  loading  conditions. 
These  design  stresses  represent  probable  yield  stresses  for  the  suitertal« 
not  guaranteed  minimum  values,  since  It  Is  desired  to  estimate  the  actual 
yield  load  for  the  structural  ele«»ent  rather  than  a  lower  limit  to  tha 
yield  load.  It  Is  emphasised  that  the  factor  of  safety  for  protective 
construction  Is  primarily  contained  In  the  design  loading,  not  In  tha 
evaluation  of  the  resistance  of  the  structural  elements. 

2),  Concrete.  Research  has  demonstrated  that  concrete  provides 
Increased  resistance  at  rapid  loading  rates,  the  following  design  stresses 
for  protective  construction,  based  on  the  standard  28  day  cylinder 
strength,  f^,  ara  taken  from  Ref.  T.Ol: 

Dynamic  Compressive  Strength  ■*  1.25  f^ 


Dynamic  Bond  Stress  (for  ASTH 
A>30S  deformed  bars) 

Pore  Shear  Stress 
Dynamic  Tensile  Strength 


u.  -  0.15  f* 
o  c 


%  -  0*20  f • 


'dt  - 


3)  Reinforcing  Steel.  Structural  and  intermediate  grade  reinforcing 
bars  are  fabricated  from  steel  developing  Increased  yield  resistance  under 
rapid  loading.  The  following  design  stresses  Include  the  effects  of  tha 
rate  of  load  application  (Refs.  7.01  and  7.03): 


Structural  Grade 


f  .  -  42  ksl 
dy 


Intermediate  Grade 


f j  -  52  ksl 


■  ■ 
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Hard  grada.  ratt  and  alloy  steal  bars  do  not  exhibit 

pronounced  loading  rata  effects  oa  yield  level.  However,  designs  using 
these  reinforcing  steel  Materials  should  be  based  upon  the  probable 
yield  level  and  not  the  guaraateed  lelntnua  yield  level.  Vhcn  test  data 
Is  not  avalTable,  the  design  stress  sMy  be  taken  as  the  saaller  of  I.IO 
tines  the  atnimua  specified  static  yield  strength  or  0.90  tinws  the 
specified  alntnuia  static  tesiclle  strength. 

All  reinforcing  steel  should  have  defoniatlons  satisfying 
ASTM  A-30S. 

4)  Structural  Steel.,  The  follov^lng  design  stresses  are  based 
on  the  yield  strengths  for  the  loading  rate  range  expected  In  protective 
construction  (Refs.  7.01  end  7.00)3 

0£$lfiai  STRESSES  FOR  STEEL 


Allowable  Bearing  Stress 
Single  Shear  Double  Shear 


ffiSiC 


J 
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5)  AUimlnum.  Aluatnun  alloys  subjected  to  leading  rates 
expected  In  protective  construction  do  not  show  appreciable  increases 
in  yield  level  over  that  from  static  tests.  However,  yield  and  ultimate 
strengths  such  as  those  given  in  Table  4  of  Ref.  7. OS  are  guaranteed 
nlnlnum  values.  The  average  strength  values  run  about  IS  percent  higher 
than  these  ralnitnum  values.  Average  values  ore  tabulated  below. 

DESIGN  YIELD  STRESS  liALUES  FOR  ALUMlIiUK 


Axial  and 

Shearing 

Bearing 

Elastic 

Weight. 

Alloy 

Flexural 

Stress 

Stress 

Hodulus 

Stress 

V‘^‘ 

E.kst 

pcf 

6061-T6 

40 

23 

64 

10.000 

169 

6)  Timber.  Too  many  varieties  of  tinker  are  available  to  include 
tabulations  of  design  stresses  In  this  report.  Therefore,  relationships 
between  protective  design  stresses  and  normal  design  stresses  are  given. 

The  normal  design  stresses  for  the  various  timber  varieties  and  grades  can 
be  found  In  oost  books  on  timber  design,  c.g..  Refs.  7.06  and  7.07. 

The  resistance  of  wood  is  markedly  influenced  by  the  loading 
duration.  The  normal  design  stresses  can  be  increased  by  a  factor  of  two 
for  protective  construction  because  of  loading  rate  effects  alone.  In 
addition,  since  no  safety  factor  slujuld  be  Included  In  evaluating  the 
resistance,  another  factor  of  two  caay  be  applied  to  the  design  stress  as 
Increased  by  the  loading  rate  ffcior.  Thus,  the  tinber  design  stress  for 
protective  construction  equals  4  times  the  comparable  design  stress  for 
normal  conditions. 

Tlie  timber  design  stresses  of  particular  Interest  include  the 
flexural  stress,  f^  and  the  horl»r>"'‘»’  The  stresses 

ff  and  Vj^  are  tc.wcd  "allowable  unit  stresses  for  normal  loading  conditions.” 
For  protective  construction,  the  following  dynamic  stresses  are  used: 


Flexure 


Horizontal  shear  '^h 

Earth>  Few  data  concerning  the  shear  strength  of  soils 
under  dynanlc  loadings  ar^.  available  at  this  ti»e.  Howeveft,  the  existing 
evidence  Indicates  that  It  is  conservativcr  btst  not  excessively  so,  to 
use  the  strength  obtained  from  conventional  tests,  e.g.,  the  unconfIned 
compression  test  and  the  standard  penetration  resistance  test,  In  the 
design  for  dynamic  loads.  It  should  be  noted  that  It  Is  appropriate  to 
use  the  undralned  shearing  resistance  In  all  cases  since  drainage  cannot 
occur  during  the  short  loading  times. 

The  following  rules  for  evaluating  bearing  resistance  for  blest 
loadings,  adapted  from  Ref.  7.01,  apply  to  footings  bearing  on  horizontal 
surfaces  of  extensive  soil  masses. 

Earth  Material  Bearing  Resistance 

Rock  1,0  times  the  crushing  strength  In  u’.conflned 

compression  plus  the  sIde-on  overpressure  for 
sound  rock.  The  presence  of  discontinuities  and 
weathering  will  dictate  the  use  of  a  smaller  value. 

firanular  Soil  The  bearing  pressure  for  one  Inch  settlement  of 

the  footing  under  static  loads  plus  the  side-on 
overpressure. 

Cohesive  Soil  Three-quarters  of  the  failure  load  of  the  footing 

under  static  loads  plus  the  sIde-on  overpressure. 
Where  detailed  soil  Information  Is  not  available,  the  bearing  resistance 
for  blast  loadings  is  taken  as  twice  the  conventional  or  local  building 
code  allowable  static  pressure,  plus  the  sido-on  overpressure. 

The  use  of  the  above  bearing  resistances  will  result  In  footing 
displacements  comparable  In  magnitude  to  those  occurring  under  conventional 
structures  subjected  to  normal  design  loading.  However,  In  many  cases 
It  is  desirable  to  make  footings  smaller  so  that  the  footings  displace 
enough  to  give  some  reduction  In  the  structural  strength  requirements. 


WWWtMH* 
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An  tdedllzed  resistance  function  for  the  footing*  analogous  to  that 
shovm  In  Fig.  7.02  for  a  structural  element*  “ay  he  obtained  in  th® 
following  taanner. 

For  granular  soils*  astiinata  the  ultiaate  bearing  pressure* 
and  the  bearing  pressure  for  one  Inch  settlement*  q^*  for  the  particular 
footing  size  In  question.  These  may  be  estlaated  using  methods  described 
In  Ref.  7.08. 

The  settlement  at  q^  nay  be  taken  to  be 

la 


l  Inch 


For  clay*  estimate  the  ultimate  bearing  pressure*  q^*  using 
the  unccnfincd  compression  strength,  Ke,*  q^  equals  approximately  3  times 
the  unconfIned  comprosjlve  strength.  Tho  corresponding  settlement 
Rtay  be  approximated  by  computing  the  vertical  displacement  &t  the  surface 
of  an  elastic  body  loaded  by  a  distributed  load.  Convenient  methods  for 
this  calculation  are  given  in  Refs,  7.09  and  7.10.  The  modulus  of 
elasticity  may  be  taken  as  the  Initial  tangent  modulus  obtained  from  am 
unconfIned  compression  test*  and  a  value  of  Poisson's  ratio  equal  to  0.5 
may  be  used. 

The  resistance  functions  for  the  footings  thus  obtained  may  b« 
used  to  determine  the  displacement  of  the  footing  for  a  given  bearing 
pressure-time  function  and  the  footing  size  can  be  adjusted  to  produc® 
larger  or  smaller  displacements  as  required  by  the  structure.  This 
procedure  will  give  higher  bearing  pressures  than  those  tabulated  above 
(Ref.  7.00« 
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7.06  RESISTANCE  EXPRESSIONS 

Tabulations  of  the  equations  !nvolv«i.d  in  the  evaluation  of  the 
resistance  of  structural  elements  of  various  materials  are  presented 
in  the  foUowtns  tables.  These  expressions  define  the  flexural  leslstancOo 
shearing  resistance,  natural  period  In  flexure,  and  yield  deflection. 

The  design  stresses  to  be  used  with  these  expresslofvs  are  found  In  Sec. 
7.CS.  The  design  charts  In  Sec.  7.07  are  based  on  these  resistance 
expressions. 


HOTATIOM  FOR  TABLE  7.01 


Cf  •  L^/L^  (<i«slgn  »%  l>Miy  In  short  direction  for  OK  i) 

A  w  toteX  «rea  of  eionent^  to 
A/b  “  A  per  inch  width.  In-, 
b  ■  width  of  element  of  section;,  in. 
d  ••  depth  of  striicturel  element,  in. 

E  *  elestic  Yeungs  modulus,  psl 
fjjy  “  djneaic  tensile  yield  stress,  pal 

I  •  moment  of  inertle  of  element,  In^ 

I/b  I  per  Inch  width,  In^ 

k.  •  (77  180  a^)  ,  psi/in 

4  -  (307  ♦  SOO  a^)  ^*—2  ,  psI/ln 

121^^ 

«  3  -  aajo*  4-  3  2  (X* 

L  •  J-wsy  pUte  sp«n,  in. 

«  2-wiy  long  span.  In. 

•  2-w«y  short  spen,  in. 

5  -  section  modulus  of  element,  In^ 

3/b  •  S  per  Inch  width.  In* 
t  -  plate  thickness.  In. 
tj,  •  totel  web  thickness  of  element.  In. 

dynamic  sheering  yield  stress,  pti 

W  ••  plate  weight,  psf 

T.  •>  plastic  modulus  of  section,  In* 

Z  •  •  l.S  S  for  corrugetad  plate 
1.15  S  for  1  or  WF  serticn 

l/h  •>  I  pMf  Inch  width.  In* 
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RESISTAHCE  EXPRESSIONS  FOR  METAL  STROCTORAL  ELEMEMTS 


Flexur* 


•Tyr  P»» 


Period  In  Flexure  Yield  Oefi, 

T,  sec.  et  c* 

X  In 


PUT  PUTE  SECTION 

t.  -3  iHT  5 

'47 


Fixed  Support  .  (f)^  2v.  (f)  4.  lxlO"^L^/-~  ^ 

ht^  2S.6  Et® 


2-wev 

Staple  Support 

6f.  (^)® 
<tY 

v^i 

ft 

‘‘l 

Fixed  Support 

Uf .  (“)® 

‘V\v 

1.9.10-']^ 

ft 

CORRUGATED  SECTION 

l-wev 

Simple  Support 

Z 

*''d^A 

L  b 

2.7.10-'l'J^ 

5  •» 

e  n^ii  lOT 

Fixed  Support 

'Jl±l 

1 

A 

B 

207  E  I 

BUILT-UP  SECTION 

n  L*^  . 

5  ^  t> 

154  El 

l-w«y 

Stifle  Support 

7 

1 

^2  b 

dt 

®>br 

Fixed  Support 

'Jl±i 

bT 

pnmi  OK  jti 

l.2xl0"®L®j|  1 

ftfl  »> 

307  E  1 
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HOTAnoW  FOR  TABLE  7.02 

Ot  “  (design  as  l^way  In  short  direction  If  a  <  i) 

A  ■  total  web  area  of  eleaent,  tn^ 
w 

b  ••  width  of  eleetent  of  section.  In. 
d  •  depth  of  section.  In, 

£  ■>  elastic  atodulus,  parallel  to  grain,  pal 

••  dynanic  flexural  design  stress,  psi 


A 

mcaient  of  inertia  of  element.  In 

monwnt  of  inertia  of  piles  with  grain  parallel  to  span  per 
Inch  width,  in^ 

moment  of  Inertia  of  eleawnt  considering  only  parallel  piles,  In^ 
I  for  short  span.  In* 

r 


psl/ln 


1- way  span.  In, 

2 - way  long  span.  In, 

2-way  short  span.  In, 
section  modulus  of  element.  In* 

2 

effective  section  ptodulus  per  Inch  width.  In 
0.8s  times  section  modulus  of  plies  parallel  to  span  except  S  ■■ 
1.50  times  S  of  plies  parallel  to  span  for  a  3-ply  ^ 

panel  with  face  grain  perpendicular  to  spaa 

section  modulus  of  eleawnt  considering  only  parallel  plies.  In* 
Sp  for  long  span.  In* 

s 

Sp  for  short  span.  In 

dynamic  horizontal  shear  design  stress,  psI 


W  ■>  weight  of  section,  psf 


r-: 


nT-  - 1- -p- -i-r— ‘**^**^******~ •  ' 


See.  7.06  I6I 

TABLE  7.02 

RESISTANCE  EXPRESSIONS  FOR  WOOD  STRUCTURAL  ELEMENTS 


Flexure 

Sheer 

Period  in  Flexure 

Yield  Defl, 

<ly*  EMkJ 

<5y»  D»i 

I,  sec» 

et 

In 

SOLID  SECTION  (TisnS^eri 

• 

1-wey 

Simple  Support 

S 

4  d/L 

9.4xlO*Vp~ 

hr 

5 

Tdh  l-2d/L 

Ed^ 

Fixed  Support 

1^'df  S 

4  d/L 

hr 

Tdh  'N2d7L 

32Ed^ 

BUILT-UP  SECTION  (Timber) 

l-wev 

Simple  Support 

8'df  S 

^2  F 

bL  '*dh 

2.7,10-Vjfl' 

5  ii!b 
155  I  1 

Fixed  Support 

^^^df  s 
^^2  F 

2A 

bL  ''dh 

S.5«l0-Vjf| 

V-  ^ 

3841  I 

PUTE  SECTION  (Plvwood) 

l-wav 

Simple  Support 

1}  ^ 

A,  . 

Tdh  T-2dA 

2.7xl(l‘V|J’ 

P 

-4-^ 

154  tip 

Fixed  Support 

L^  P 

8  d/l 
a'^dh  i-2d/L 

a84€Ip 

2-w«v 

Simple  Support 

**^df  „ 

a'^dh  **0 

Fixed  Support 

,2  "a 

8 

3^dh  '*« 

‘‘4 

BUILT-UP  SECTION  (pivwood) 

l-wev 

Simple  Support 

4A 

w 

bL  ''dh 

2.7xlO-'V]|^ 

»  pp 

»pp 

Fixed  Support 

4A 

9.5xlO"V/|^ 

ipp 

b 

l'  »» 

bL  ''dh 

a84£  Ipp 

See.  7.06 
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l./L^  ((fesign  AS  l^wey  In  short  direction  If  OS  <-i) 

depth  to  centroid  of  tensile  reinforceMent#  Ifl* 
elA&tlG.  aK>dult>s  of  concrete^  psi;  »  1»006 

elastic  Toungs  modulus  of  steel,  psl 

standard  28-day  compressive  cylinder  strength  of  concrete,  psl 
dynamic  tensile  yield  stress  of  reinforcement,  psi 

cracked  section  moment  of  Inertia  per  Inch  width  for  short  span.  In 
depth  factor  for  concrete  stress  block 

±2  i  /*»  en 

J50  noo'  "  100 


1^77  +  180  a^J  ^  .  psi/ln 
1^307  -f  500  a^j  psl/l( 


l-«ay  slab  span.  In. 


psi/ln 


2-w8y  long  slab  span.  In. 
2«way  short  slab  span.  In. 


modular  ratio  £  /E 

9  € 


percentage  of  tensile  reinforcement  at  supports,  1-way  slab 
percentage  of  tensile  reinforcement  at  mldspan,  l-way  slab 
percentage  of  tensile  reinforcement  In  long  direction  at  mldspan 


percentage  of  tensile  reinforcement  In  short  direction  at  mlspan 
percentage  of  tensile  reinforcement  In  long  dIruction  at  supports 
percentage  of  tensile  relnforceownt  In  short  direction  at  supports 
percentage  of  wrb  reinforceeMnt 
slab  weight,  pgf 


tti' 
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TABLE  7.03 
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RESISTANCE  EXPRESSIONS  FOR  REINFORCED  CONCRETE  STRUCTURAL  ELEMENTS 


FLEXURE  -  <i^,  ptl 

1- way  Slab 
Simple  Supports 

Fixed  Supports 

2- wav  Slab 
Simple  Supports 


0.072  ♦  f  .  (r>^ 
dy'L' 

0.072  (••+ 


0.108 


♦ 

sc  dy 


Fixed  Supports 


0.108  (*  +  •  )  f, 

sc  se'  dy'L  ‘ 
s 


Ic  le 

♦  +  * 
sc  se 


PURE  SHEAR  -  psi 

l-way  Slab 
Simple  Supports 


Fixed  Supports 

2-wav  Slab 
Simple  Supports 

Fixed  Supports 


0,44  V 
c 

0.55  V 
c 

Same  as 

j  (l  +  a)  times  value  for  a  l-way  Slab  spanning  the 
short  direction  when  o  >  i 

Same  as  for  2-way  Slab|  Simple  Support 


1-£l  L  - 


for^>  0.2 

for  l-way  Slab,  Simple  Support 


DIAGONAL  TENSION  -  psi 


l-way  Slab 
Simple  Supports 


Fixed  Supports 


2-way  Slab 


} 


1 

2  • 


d 

L 


1  + 


whichever 

greater 


whichever 

greater 


U 


Is 


Simple  Supports  1  2 

Fixed  Supports  /  3 


(1  +  a)  times  appropriate  value  for  a 
spanning  the  short  direction  (a  >  J) 


l-way  Slab 


See, 


1C« 


TABLE  7.03  COWTINUED 


PERIM  -  T.  sec 

YIELD  OEFL.  at  C  -  x 

Tr^mr  Slab 

Siqple  Supports 

^xed  Supports.. 

L* 

5 

42,500  d  J7 

355  £1 
c 

85,000  d  J7 

307  E^I 

c 

H-tiay  Slab 

Staple  Supports 

2.2  X  10-' 

f  v*. 

Fixed  Supports 

1.9.10-*P 

r 
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7.07  DESIGN  CHARTS  AND  TABLES 

This  section  contains  charts  end  tables  fro«  Mhtch  a  trial 
design  section  for  structural  elements  can  be  obtained.  The  charts  are 
based  on  Eqn.  7.Q1»  the  resistance,  parameters  of  the  previous  section*, 
and  the  design  st/esses  and  ductility  factors  appropriate  for  the  particular 
material.  Sec.  7.04  and  7.05.  It  must  be  emphasized  that  these  charts 
are  based  primarily  upon  a  flexural  mode  of  failure  and  that  the  trial 
designs  must  always  be  reviewed  In  order  to  Insure  (I)  that  resistance  In 
other  modes  of  failure  Is  always  greater  than  that  In  flexure  and  (2)  that 
the  accoopanylng  structural  deformations  will  not  be  of  such  a  magnitude 
that  door  operaticn  becomes  difficult  or  Impossible. 

The  tables  Included  give  the  appropriate  flexural  properties 
of  standard  structural  sections  and  the  corresponding  weight  of  the 
section.  They  are  to  be  used  In  conjunction  with  design  charts  to  aid 
In  the  selection  of  a  structural  section  with  satisfactory  resistance. 

Charts  7.01  through  7,09  refer  primarily  to  structural  carbon 
steel  elciments  witht  a  dynamic  tensile  yield  stress  In  steel,  of 
42,000  psi;  a  ductility  factor,  u,  of  10;  a  peak  pressure,  p^,  of  SO, 

100,  and  200  psi;  and  a  yield  moment  which  Is  the  fully  plastic  moment 
of  the  section.  Charts  7.01  and  7.02  Indicate  the  minimum  thickness,  t* 
of  a  flat  steel  plate  for  various  l-way  span  lengths  with  simple  and 
fixed  supports,  while  Charts  7.03  and  7,04  show  the  necessary  steel  plate 
thickness,  t,  for  2“>way  slab  behavior.  The  required  plastic  modulus 
per  unit  width,  Uh,  Is  given  In  Charts  7.05  and  7.06  for  corrugated 
steel  plate  and  In  Charts  7.07  and  7.08  for  buMc-up  steel  sections. 

While  all  of  the  above  results  are  based  on  a  ductility  factor 
of  10,  results  for  other  values  of  p  can  be  readily  obtained  by  multiplying 
the  t  or  2/b  obtained  for  p  ••  10,  by  the  proper  correction  factor  from 
Chart  7.09.  It  should  be  noted  that  p  values  lass  than  10  make  little 
difference  In  the  results  and,  even  for  p  •  4,  the  correction  factor  for 
thickness  Is  less  than  5X  and  for  plastic  moduli  Is  less  than  lOX. 

Results  for  other  values  of  dynamic  tensile  yield  stress,  f^^,  can  b« 
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obtained  by  nultlplyins  the  result  obtained  for  "  42,000  pst  by  the 


ratio.  In  Charts  7.01  through  7,04  and  by  the  ratio 

^dy  ^dy 

Tn  Charts  7.05  through  7.0&. 

Charts  7.10  through  7.14  refer  to  tleber  structural  c1«aents 
with:  peak  pressures  of  50,  100,  and  200  psl;  a  ductility  factor  of  3; 
and  an  elastic  theory  using  Increased  allowable  working  stresses.  The 
charts  can  be  used  for  any  value  of  dynaalc  flexural  design  stress,  f^^, 
but  provide  an  Intaedlate  answer  when  f^^  equals  4,000  psl. 

The  required  depth  of .a  solid  timber  section  for  various  span 
lengths  Is  given  In  Chart  7.10  for  a  Nway  span  on  simple  supports  and 
In  Chart  7.11  for  a  l-way  span  on  fixed  supports.  In  Chart  7,12  the  depth- 
flange  thickness  factor  of  built-up  plywood  sections  required  for  various 
span  lengths  Is  given  for  a  I-v<ay  span  on  simple  and  fixed  supports. 

For  plywood  plates  on  simple  and  fixed  supports,  the  required  effective 
section  tnodulus  for  verlous  span  lengths  Is  shown  tn  Chart  7.13  for  • 
l-way  span  and  In  Chart  7.14  for  2-wey  span  conditions. 

Charts  7. IS  through  7.21  refer  to  reinforced  concrete  elements 
with:  a  dynamic  tensile  yield  stress  of  steel,  fj^  of  44,000  pel  for 
structural  grade  steal  and  52,000  psl  for  Intermediate  grade  steel;  e 
ductility  factor,  p,  of  3;  peak  pressures*  p^,  of  SO,  100,  and  200  psl; 
and  a  flexural  mode  of  failure.  Chart  7.15  shows  the  required  depth- 
to-span  ratio  for  various  amounts  of  flexural  reinforcement  in  l-way 
spans  with  sluple  and  fixed  supports.  For  other  values  of  multiply 


the  results  for  »  44,000  psl  by  the  factor 


I 


44.000 

^dy 


Based  on  various  values  of  the  expression 


Chart  7.16 


Indicates  the  corresponding  value  of  peak  pressure,  p^,  which  would 
result  In  a  diagonal  tension  mode  of  failure  and  hence  Indicates  whether 
web  reinforcement  Is  required. 

In  Chart  7.17  for  structural  grade  reinforcement,  “  44,000 
psl,  and  in  Chart  7.18  for  Intermediate  grade  reinforcement,  *  52,000 
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7.02  TYPICAL  REAL  AND  IDEALIZED  LOAD  -  DEFLECTION  CURVES 


FOR  A  STRUCTURAL  ELEMENT 


=  5.70  f 


fj.^  =  Dynamic  Tensile  Yield 
Stress  Of  Steel,  psi. 
K^  =  3-2o/a®+3  +  2a* 


t  =  Plate  Thickness,  in. 
L*=  Short  Span,  in. 

Ll=  Long  Span,  in. 
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Short  Spon,  L»,  in. 


CHWT  7.03  MQUUCO  THICKNESS  FON  FIAT  STEEL  PLATES, 


TW-UAT  SPAN,  SIMPLE  SUPPOATS.  w  -  10 


Requfred  Plastic  Modulus  Per  Unit  V/idth 


CHART  7.05  REQUIRED  SECVIOH  OF  CORRUGATED  STEEL  PLATES, 
OHE-UAY  SPAH,  SI«?L£  SUPPORTS,  p  •  10 


Required  Multiplote  (2x6  Corrugations)  Gage 


Rtmuired  MuIHplate  {£  *  6  Corrugofians)  Goge 


SECTJOH  FOR  BUILT-UP  STEEL  SECTIOKS.  CHART  7.08  REOUIREO  SECTION  FOR  BUILT-OP  STEEL 
tE-WAY  SPAR,  SIMPLE  SUPPORTS,  y  -  10  SECTIONS,  ONE-WAY  SPAN,  FIXED  SUPPORTS,  4  •  10 


Aftt  7.14  RE(iU!REO  EPFECTIVE  SECTION  MCiUtUS  OF  FLV^AOO  PIATES  VERSUS  SPAN  LENGTH  FOR 

■nC-WAY  spa;,,  simple  supports  and  fixed  supports,  h  -  3 
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CHART  7.15  REQUIRED  FLEXURAL  REINFORCEHEKT  AND  DEPTH  FOR 
ONE-VIAV  SIMPLE  OR  FIXED  SUPPORT  REINFORCED  CONCRETE  SLAfiS,  M  -  3 


FOR  DIAGONAL  TENSION 

ppS  2.9/f^(|;),  psL  . 

fc  =  28  Doy  Cylinder  Strength,  psi. 

d  =  Depth,  in. 

L  =  Span,  in. 

Note:  If  Pm  Gwen  Here  Is  Greoter  Than  p^  For 
Flexure  No  Web  Reinforcement  Is  Required. 
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CHART  7.16  WEB  REIHrORCEMENT  CRITERION  FOR  ONE-WAV  REINFORCED 


CONCRETE  SLABS  FOR  (t  -  3 


CHART  7,17  REQUIRED  PCRCEHTACC  OF  WES  REIHfORCEHEHT  OMC>WAY  REINFORCED 
CONCRETE  SLABS,  SIMPLE  OR  FIXED  SUPPORTS,  STRUCTURAL  GRADE  REINfORCEMcNT 


Web  Reinforcement,  ,  percent 


186  ■  _ _ _ _ _ 

FOR  DIAGONAL  TENSION,  >  FLEXURE,  q,, 

10o[^4^ij[ri  >  0.072 

^<jy=  Oynamic- Tensile  Yield  Stress  Of  Steel,  psi. 
=  28  Day  Cylinder  Strer^gth,  psi 
-  Percent  Tensile  Steel  At  Midspan. 

(^'  =  Percent  Tensile  Steel  At  Supports, 
d  =  Depth,  in. 

L  =  Spun,  in. 


CHART  7.18  REQUIRED  t'ERCENTAGE  Of  VEB  REINfOftCEHENT  ONE-WAV  REIHFORCEO  ‘ 
CONCRETE  SLA6S,  SIMPLE  OR  FIXED  SUPPORTS,  IHTERKEOIATE  GRADE  REINFORCEMEHT 


OR  FIXED  SUPPORT  REIHFORCEO  COMCRETE  StABS,  INTERMEDIATE  GRADE  STEEL, 


fmmkH  flF  m  iirnFawwinT  vfMw/^  m  two-wav  ReiNFoneio  mcnm 


TABLE  7.04  CORRUGATED  STEEL 
PLASTIC  MODULUS  PER  INCH  WIDTH  (|) 

(Use  with  Charts  7.0S  and  7.06} 

Supplied- by  Multi-Plate  (2x6  Corrugations)  Corrugated  Steel 
Shape  Factor  ^  taken  as  I .5 


Gage 

2 

b 

In^ 

W 

psf 

A 

In 

12 

0.086 

5.3 

0.130 

10 

O.IIO 

6.8 

0.167 

8 

0.133 

8.3 

0.204 

7 

0.148 

9.3 

0.228 

S 

0.172 

10,9 

0.267 

3 

Q.  196 

12.4 

0.305 

1 

0.218 

14.5 

0.343 

TABLE  7.05  STEEL  IE  SECT I OHS 


PLASTIC  MODULUS  PER  INCH  WIDTH  (|) 

(Use  with  Charts  7.07  and  7.08) 

Supplied  by  Rolled  Steel  Sections  Welded  Flange  to  Flange 


z 

h 

In* 

Section 

W 

psf 

HaxImuM  q 
psi  ^ 

Simple*  Fixed** 

3.42 

10  Jr  9 

40.2 

721 

360 

3.07 

10  B  11.5 

35.0 

442 

273 

2.95 

6  I  17.25 

S8.I 

1550 

775 

2.82 

8  8  13 

39.0 

545 

272 

2.82 

8  Jr  6.5 

34.2 

592 

296 

2.26 

8  B  10 

30.5 

384 

221 

2.26 

5  I  14.75 

53.9 

I660 

930 

2.07 

6  8  12 

36.0 

426 

213 

1.92 

7  Jr  S.5 

31.7 

694 

347 

I.SS 

4  WF  13 

38.4 

404 

202 

1.52 

6  Jr  4.4 

28.7 

1070 

535 

1,45 

6  B  6.5 

25.9 

326 

163 

1.43 

4  19.5 

40,7 

1130 

565 

1.32 

4  I  7.7 

34.7 

461 

230 

0.92 

3  I  7.S 

35.8 

1410 

70S 

0.82 

3  I  S.7 

29.3 

437 

218 

Maxtwum  Resistance.  To  Insure  response  occurs  In  flexure  of  the  section  and 
not  In  shear  or  flexure  of  the  plate,  the  span  must  be  such  thet  the 
flexural  yield  resistance  Is  less  than  the  maximum  values  given. 
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TAOLE  7.06  HOLLOW  STEEL  TUBING 
PLASTIC  HOOULUS  PER  INCH  WIDTH  (r) 

D 

(Use  with  Cherts  7.07  and  7.08) 
Supplied  by  Steel  Hollow  Structural  Tubing 


TABLE  7.07  STEEL  Q-DECK 
PtASTTC  MODULUS  PER’  TNCH  WIDTH  (f) 

D 

(Use  with  Charts  7.07  and  7.68) 
Supplied  by  Robertson  Q-Dectc  Sect  tons 


Type 

Section 


z 

b 

In* 

w 

psf 

Maximum  q 
psi  ^ 

Simple  Fixed 

0.133 

11.0 

124 

117 

0.270 

12.4 

141 

134 

0.534 

14.S 

116 

116 

1.13 

20.4 

89 

89 

Maxinwn  values  for  steel  with  -  42,000  psi,  -  25,000  psi 
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TABLE  7.08  ALUMINUM  X SECTIOHS 
PLASTIC  MODULUS  PER  INCH  WIDTH  (-) 

D 

(Use  with  Cherts  7.07  and  7.08) 

Supplied  by  Rolled  and  Extruded  Aluminum  Sections  Welded  Flange  to  Flange 


Shape  Factor  •!  taken  as  l.l 
d 


LU 


z 

b 

In^ 

Section 
d  X  b  X  plf 

In.  X  In. 

W 

psf 

Maximum  q 
psi  y 

simple  Fixed 

2.64 

S  X  S  X  6.49 

15.6 

384 

192 

1.73 

S  X  S  X  S,366 

12,9 

372 

186 

1.48 

4  X  4  X  4.76 

14.3 

435 

217 

1.10 

4  X  3i  X  3.06 

10. S 

494 

24/ 

0.87 

4  X  4i  X  2.867 

7.65 

212 

106 

0.76 

4  X  3  X  1.788 

7. IS 

374 

137 

0.67 

4  X  2  X  1.139 

6,85 

620 

310 

0,64 

2i  X  2  X  1.80 

10.8 

1000 

SOO 

0.462 

3  X  2  X  I.OOl 

6.0 

SOO 

250 

0.366 

X  2  X  0.928 

5.6 

441 

220 

0,26S  2  X  2  X  0.78 


Maximum  computed  for  6o6l  T6  Alloy 
-  40,000  psi 

Vjy  •  23,000  psI 


4.7 


220 


no 
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CHAPTER  8.  DESIGN  PROCEDURE 

8.01  iwaoiicTioN 

A  geaeral  design  procedure  based  on  the  material  of  the  preceding 
ctiapters  is  presented  in  this  chapter.  In  Chapter  9,  an  Illustrative 
exaaple  c^laig  this  design  procedure  is  developed. 

Fftw  the  discussions  in  previous  chapters  ft  is  obvious  that  the 
archttectnnat  layout*  radiation  shielding  protection,  and  blast  resistance 
of  the  emtrancviuay  are  all  to  some  degree  interdependent  and  generally  can 
not  be  considered  separately.  In  a  large  measure  the  geometrical  configura¬ 
tion  and  diaenslons  of  an  entrance  structure  are  determined  by  considerations 
such  as  shelter  capacity,  entry  flow  rates,  the  terrain,  the  elevation  of 
the  floor  eiith  respect  to  the  ground  sun'ace,  existing  structures  and 
utilities*  safety  considerations,  etc. 

Once  a  preliminary  configuration  has  been  qualitatively  determined 
to  satisfy  these  archltectura)  considerations,  a  preliminary  check  of 
radiatioai  shielding  requirements  should  then  be  made  to  refine  further 
the  eotraoce  configuration  before  a  detailed  shielding  analysis  is  performed 
and  before  the  structural  analysis  Is  made  for  blast  resistance,  it  Is 
recommM^xIcd  that  the  radiation  inputs  be  considered  In  the  Following  order: 
prompt  eeutrom  radietlon,  prompt  gamma  radiation,  and  falVout  gamma 
radiatiom.  In  oil  likelihood  some  modification  In  corridor  lengths. 

Number  ami  location  of  bends,  and  In  barrier  shielding  may  be  required. 

The  design  of  the  blast  door  (or  doors)  Is  a  function  of  location 
and  orientation  which  determines  the  maximum  pressure  to  which  they  are 
subjected,  of  the  material  from  v-hlch  they  are  fabricated,  of  the  support 
conditions,  and  of  the  spans.  The  location  of  the  door  or  doors  Is  dependent 
upon  several  factors,  primarily  the  terrain  conditions,  the  possible  require¬ 
ment  for  am  interlock,  and  the  exclusion  of  fallout  deposition  within  the 
entrance  structure.  Nomaliy  the  radiation  shielding  protection  (i.e,, 
lf^educs5o«  factor)  afforded  by  the  door  itself  is  small  and  therefore  is 
neglei-ted  In  the  shielding  computations  of  this  report. 

Im  the  general  design  procedure,  the  steps  are  ther-afo.'e: 

1.  Input  data 

2.  ^urchitecturai  layout  design 
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3.  Radiation  shielding  design 

4.  Blast  resistant  design 

8.02  INPUT  DATA 

The  designer  ssust  be  provided  with  the  following  Input  data 
or  Is  required  to  make  assunnptlons  on  these  Items. 

1)  Architectural  Considerations 

a.  Terrain  conf Iguration  (slopesi  elevations,  etc.) 

b.  Depth  of  shelter  floor  from  ground  surface 

c.  Existing  adjacent  buildings  and/or  utility  line  locations 

d.  Shelter  capacity 

e.  Requirements  for  Interlock  (capacity  and  location) 

f.  Entry  flow  rates 

g.  Building  codes  requirements  '  . 

2)  Weapons  Effects  Considerations 

a.  Design  pressure  and  weapon  yield 

b.  Outside  levels  of  radiation  dose  (prompt  neutron,  prompt 
gamma,  and  residual  gamma) 

c.  Acceptable  total  radiation  dose  within  shelter  proper 
(prompt  neutron,  prompt  gamma,  plus  residual  gamma) 

3)  Preliminary  Design  Assumptions.  For  preliminary  design, 
assumptions  must  be  made  as  follows: 

a.  Proportions  of  acceptable  total  radiation  dose  admitted 
through  entranceway  and  shelter  proper 

b.  Contributions  of  prompt  neutron,  prompt  gamma  and 
residual  gamma  radiation  admitted  through  entranceways 

As  a  result  of  the  preliminary  design,  other  proportions  may  be  more  acceptable 
as  long  as  the  total  Is  less  than  the  permissible  total* 

8.03  PRELIMINARY  CONFIGURATION 

The  preliminary  entranceway  configuration  Is  dependent  upon  both 
the  architectural  considerations  enumerated  above  and  the  preliminary 
radiation  shielding  calculations  for  the  worst  case  orientation  of  the 
weapon  with  respect  to  the  entranceway. 

I)  Architectural  Considerations.  A  preliminary  cntranceway 
configuration  is  determined  based  on  the  architectural  considerations 


enumerated  above*  t.e.»  terrain,,  depth  of  shelter  floor,  existing  buildings 
and  utilities,  shelter  capacity,  etc. 

2)  Preiimlnarv  Radiation  Shielding  Calculations.  To  assist  in 
making  a  preliminary  entrance  configuration  for  further  detailed  analysis, 
it  Is  reconmerrded  that  the  prompt  neutron  radiation  be  considered  first. 

In  order  to  do  this  the  worst  case  orientation  of  the  weapon  with 
respect  to  the  entranceway  must  be  deteratned. 

a.  Compute  solid  angle  fractions  retjulred  for 
shielding  calculations, 

b.  Determine  worst-case  orientation  for  prompt  nuclear 
radiation, 

c.  Calculate  reduction  factor  required  for  prompt  neutrons. 

D 

H  m  prompt  neutron  dose  ^  _1^ 

r  outside  prompt  neutron  dose  D 

0 

This  reduction  factor  may  be  obtained  by  means  of  barriers 
and/or  geometry  (corridor  lengths).  Corridor  bends  have 
only  a  negligible  effect  upon  neutron  attenuation. 

d.  (ieometrv.  From  Chart  6.01,  It  is  apparent  that  a  geometry 

reduction  f':tor,  R  ,  of  about  0*2,  is  the  best 

c 

that  can  be  obtained  In  the  first  leg  of  the  entrance 
corridor.  Beyond  that  point  if  further  reduction  In 
neutron  Intensity  Is  required.  It  can  be  obtained  by  length 
of  corridor  and/or  by  the  provision  of  a  barrier  wail  Just 
Inside  the  shelter  proper. 

*♦  Barrier.  By  reference  to  Chart  6.03,  a  concrete  wail  with 
a  mass  thickness  of  100  psf  (about  8")  will  provide  a 
barrier  reduction  factor,  B(x),  of  10“';  a  mass  thickness 
of  200  psf  (about  16"  of  concrete)  will  provide  a  barrier 
reduction  of  about  10  . 

f.  Corridor  length.  If  the  entire  reduction  factor  were 
to  be  achieved  by  corridor  length,  the  number  of  half- 
lengths  required  beyond  the  first  90®  bend  may  be 
calculated  as  follows: 

"c  •  "f  -  'r> 

where  n  ■  number  of  half-lengths.  (See  Section  6,04.) 


g.  Corridor  Length  and  Barrier.  If  a  contblnatlon  of  corridor 
length  and'  barrier  reduction  is  possible  or  desir<ible* 
the  nufl^er  of  half-lengths  Is  obtained  as  follows: 

X  X  B(X) 

where  R^  »  overal  l  entrance  reduction  factor 

R^  -■  entrance  reduction  facotr 

R  »  corridor  reduction  factor 

c 

B(X)  ■  barrier  reduction  factor 
Rf  ,  n 

^  “  rTB(xy "  ^2^ 

o 

8.04  RADIATION  SHIELOINS  ANALYSIS 

Following  the  preliminary  determination  as  to  entrance  length 
and  configuration  the  following  analyses  Should  be  made  in  sequence. 

1)  Calculate  the  prompt  neutron  contribution  admitted  through 
the  entrance  opening. 

2)  Calculate  the  prompt  neutron  contribution  adnltted  through 
the  roof  slobs  and  walls  of  the  entrance  structure. 

3)  Preliminary  check:  the  sum  of  the  first  two  calculations! 

I)  and  2),  should  be  about  half  the  "allowable"  prompt  radiation  dose. 

4)  Calculate  the  prompt  gamma  contribution  admitted  through  the 
entrance  opening. 

5)  Calculate  the  prompt  guM.M  contribution  admitted  through  the 
roof  slabs  and  walls  of  the  entrance  structure. 

6}  Calculate  the  secondary  gamma  ray  contribution  due  to  neutron 
absorption  In  the  entrance  corridor  walls.  (The  present  report  gives  no 
information  on  how  to  do  this.  The  Inclusion  of  this  Item  Is  based  on  the 
assu«nption  that  future  Investigations  will  provide  such  a  means.) 

7)  Preliminary  check;  the  sum  of  calculations  4)  and  5}  should 
be  less  than  half  the  "allowable"  prompt  radiation  dose. 
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8)  Calculate  the  residual  gamma  contribution  admitted  through 
the  entrance  opening. 

9)  Calculate  the  residual  gamma  contribution  admitted  through 
the  roof  slab  and  walls  of  the  entrance  structure. 

10}  Add  the  contributions  calculated  In  steps  I),  2),  4), 

5),  8)  and  9).  The  total  should  be  less  than  the  "allowable"  dose 
admitted  through  the  entrance  structure.  At  this  time  adjustments  can 
be  made  in  the  original  design  as  required  to  meet  the  criteria  established 
or  the  criteria  might  be  revised  In  light  of  the  attenuations  possible  from 
the  complete  design.  Having  performed  the  preceding  calculations  It  should 
be  clear  as  to  what  effect  t>ie  lengthening  or  shortening  the  entrance 
corridor  and  the  addition  or  deletion  of  mass  thickness  in  various  barriers 
will  have  on  the  total  contribution  received  through  the  entrance  structure. 
Economic  considerations  will  dictate  what  changes  are  made  In  the  previously 
established  criteria  as  to  the  proportioning  of  dose  through  the  entrance¬ 
way  and  the  shelter  proper  and  In  the  design  of  the  entranceway  structure. 

8.05  BLAST  RESISTANT  DESI6N 

The  following  procedure  Is  used  to  design  the  various  structural 
elements  of  the  entranceway  structure!  Including  the  w;<tlls  adjacent  to 
the  open  stairwelli  the  stair  slabt  the  landings,  the  Interior  stairs, 
and  the  corridors: 

1)  Pressures.  Determine  the  pressures  to  which  the  various 
structural  elements  will  be  subjected.  This  pressure  will  be  a  function 
of  the  location  of  the  element  and  its  orientation  with  respect  to  the 
blast  wave. 

2)  Properties.  Determine  the  properties  of  the  various  materials 
that  will  be  used,  e.g.,  soil  properties,  concrete  properties,  reinforcing 
steel  properties,  etc. 

3)  loadings.  Determine  the  loadings  on  the  various  structural 

elements. 

4)  Flexural  Resistance.  Determine  the  required  flexural 
resistance  of  the  various  structural  elements  and  the  section  required 
to  provide  such  resistance. 
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5}  Otaqonal  Tension  and  Shear.  To  Insure  ductile  behavior* 
the  yield  resistance  for  diagonal  tension  and  pure  shear  must  exceed 
the  flexural  yield  resistance. 

6)  Ultimate  Deflection.  Determine  the  ultimate  deflection 
of  members  acting  against  the  backfill  under  loading  in  order  to  calculate 
the  required  resistance. 

8.06  BLAST  RESISTANT  DESIGN  (CHARTS) 

in  many  cases  the  design  of  the  structural  elements  of  the 
entranceway  structure  may  be  done  more  expeditiously  by  the  use  of  the 
Design  Charts  of  Chapter  7.  For  Illustrative  purposes*  the  following 
design  procedure  for  the  door  element  using  the  charts  Is  presented: 

1)  Depending  upon  the  orientation  of  the  door  (I.e.*  flush  at 
the  surface,  not  flush  at  the  surface,  or  within  the  entrance  corridor), 
select  the  design  pressure. 

2)  Select  the  type  element  (i.e.,  flat  steel  plate,  corrugated 
steel  plate,  built-up  steel  section,  aluminum  section,  reinforced  concrete 
slab,  solid  timber  section,  plywood  plate,  or  built-up  plywood  section). 

3)  Select  the  following  design  parameters: 

a.  One-way  or  two-way  span,  simple  or  fixed  supports, 

L,  or  L  and  L.. 

*  m 

b.  Design  stresses  and  Vj^), 

c.  Ductility  factor  for  structural  Integrity,  (u). 

d.  Clearance  requirements  on  deflection. 

4)  Determine  thickness  of  section  requirad  from  Charts  and 

Tables. 

5)  Check  design  for  shear  from  Tables. 

6)  Check  clearance  requirements.  If  required,  revise  u  as 
required  and  obtain  new  section.  Step  4),  and  check  shear.  Step  S). 
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CHAPTERS.  KLUSTRATtVE  DESIGN  EXAMPiE 

9,01  INTRODUCTION 

In  this  chapter  Is  presented  a  design  example  illustrating  the 
use  of  the  design  procedure  of  Chapter  8  and  the  technical  Material, 
contained  in  the  preceding  chapters. 

The  design  example  Is  Included  for  illustrative  purposes  only. 

The  Input  data  assumptions  and  the  assumed  radiation  dose  criteria  are 
not  to  be  considered  as  standard  criteria.  In  an  actual  entranceway  design^ 
local  site  and  soil  conditions,  population  distribution,  radiation  dose 
criteria,  etc.,  would  have  to  be  obtained  from  architectural,  engineering, 
and/or  civil  defense  organizations. 

9.02  INPUT  DATA 

I)  Architectural  Considerations. 

a.  Terrain;  level 

b.  Depth  of  shelter  floor  from  ground  surface;  12  ft. 

c.  Existing  adjacent  buildings  and/or  utility  lines;  (not 
pertinent  to  example  design) 

d.  Shelter  capacity;  800  persons 

e.  Interlock  requirements:  assume  none 

f.  Entry  flow  rate  required: 

Given:  Warning  time;  IS  min, 

Button«up  time;  3  aln. 

Total  entry  time;  12  nin. 

The  hypothetical  area  to  be  served  by  the  shelter 
Is  assumed  to  be  a  SO  acre,  suburban,  residential  area 
with  a  total  population  cf  800  persons,  uniformly  dis¬ 
tributed  (Fig,  9,01).  The  actual  arrival  rate  at  the 
shelter  entrance  as  a  function  of  time  Is  dependent 
upon  many  variables  including  the  state  of  readiness  of 
the  shelterees,  the  distances  they  have  to  travel  to  reach 
the  shelter,  the  ages  and  physical  condition  of  the  people 
involved,  etc.  In  a  specific  Instance  some  of  these 
variables  can  be  Identified  and  evaluated. 


t*t* 
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For  the  purpose  of  thts  prob-Tem^  th*  juriiMi 
rate  was  assuned  to  be  prlmartly  a  functtOK  o4  tfie 
distances  the  people  would  have  to  trawel  to  nevfc 
the  shelter  entrance.  The  area  was  divided,  iatt* 
subareas  and  tt  was  assumed  that  those  closest  t»  <^ie 
shelter  could  reach  the  entrance  in  an  average  «ff 
ninutes.  The  results  of  the  calculations  are 
tabulated  below  and  plotted  In  Fig.  9*Q2« 


Subarea 

No.  Persons 

Averagn 
Time  of  drrivi 

t 

40 

(nln.| 

2 

2 

120 

4 

i 

200 

.  ft 

4 

280 

t  ' 

5 

!60 

M 

Total  800 

Based  on  the  histogram* 

Fig.  9.02*  •  paalc 

entrance  flow  rate  and  an  average  entrance  flew  euND* 
of  120  and  80  persons  per  minute*  respectively*  ae» 
considered  adequate.  These  rates  correspond  t*  standard 
entrance  rates  for  a  2  unit  stairway  (4ftwtde).  MM* 
that  the  next  smaller  unit*  a  l.S  unit  stairway*  8«  not 
adequate  to  edmit  this  population  In  the  tine  InacMmal 
assumed. 

2)  Weapon?  Effects  Considerations. 

a.  Design  overpressure  and  weapon  yield;.  SO  psl  and  1  NT* 
respectively. 

b.  Outside  levels  of  radiation  dose; 

Prompt  Neutron;  to  be  determined. 

Prompt  Gamma;  to  be  determined 
Residual  Gamma;  93.000  rad 

c.  Acceptable  levels  of  radiation  doses  within  sWicaur* 
Prompt  Neutron  and  Prompt  Gamma;  20  rsd 

Residual  Ganna;  20  rad 


These  "accepteble"  doses  are  only  assumed  values 
for  this  example  problem  and  do  not  reflect  criteria. 

3)  Preliminary  Pestqn  Assumptions.  It  has  been  assumed  In  the 
following  example  problem  that  half  of  the  totml  dose  (4(1  rads)  would  he 
received  through  the  shelter  proper  and  half  through  the  entrance  system. 
It  has  been  further  assumed  that  the  20  rads  received  through  the  entrance 
system  ts  divided  equally  between  prompt  and  residual*  These  may  be 
.summarized  as  follows: 

Through  Shelter  Proper  20  Rads 

Through  Entrance  System 

Prompt  10 

Residual  10  _ ' 

20 


Total  Dose  40  Rads 

These  proportions  will  vary  with  a  given  shelter  and  entrance. 

The  final  proportions  will  depend  upon  the  relative  cost  of  the  entrance 
system  vs.  the  shelter  proper. 

9.03  PRELIMINARY  CONFIGURATION 

I)  Architectural  Considerations. 

(a)  General.  Based  on  the  preceding  discussion*  It  Is 

assumed  that: 

I*  the  entrance  structure  must  provide  a  change  In 
elevation  of  about  12  ft. 

2.  the  cross  ■'Sectional  dimensions  of  the  corridor 
are  4'  x  7* 

3.  no  interlock  Is  required;  therefore*  the  blast 
door  will  be  placed  at  the  shelter  end  of  the 
corridor. 

(b)  Surface  Transition  Element.  For  the  purpose  of  this 
example  It  Is  assumed  that  the  shelter  Is  located  In  a  school  yard  or  small 
park  so  that  there  Is  no  danger  of  a  significant  amount  of  debris  In  the 
entrance.  Further,  since  the  terrain  Is  flat,  an  open  entrance  (with  a 
railing)  Is  used  to  avoid  the  reflection  of  the  shock  wave  which  would  occur 
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froa  the  housing  over  a  covered,  entrance. 

(c)  Depth  Element.  To  avoid  an  unnecessarily  long  entrance 
corridor  in  the  flat  terrain,  stairs  are  used  rather  than  a  ramp.-  Accord* 
ing  to  criteria  discussed  in  Chapter  3.  the  stairs  have  a  tread  of  9  1/2" 
and  a  riser  of  7  3/4".  The  maximum  height  between  landings  should-not  exceed 
8'  6".  Since  a  corridor  height  of  7*  O'*-  is  required,  and,  since  a  cover 
over  the  landing  is  required  for  blast  and  radiation  protection,  the  first 
flight  of  stairs  should  approach  the  maximum  (8^  6"). 

(d)  Radiation  Shielding  Considerations.  The  following  basic 

a 

principles  of  radiation  shielding  design  of  shelter  entrance  structures 
must  be  considered: 

1.  The  riser  element  should  be  designed  to  obtain 
maximum  cover  over  as  much  of  the  entrance  dorridor 
as  possible. 

2.  The  legs  of  a  tortuous  entrance  corridor  should  be 
of  approximately  equal  length  to  maxlmlxe  the 
reduction  factor  for  prompt  gamma  redletlon  for  e 
given  total  length  of  corridor, 

3.  Turning  the  entrance  corridor  through  90®  Is  more 
effective  In  reducing  prompt  gamma  radiation  than 
adding  an  equivalent  length  of  straight  corridor. 

2)  Prellwlnary  Configuration.  Based  on  the  preceding  brief 
considerations,  e  preliminary  entrance  configuration  Is  depleted  In  figs. 
9.03,  9.04  and  9, OS.  The  slab  thicknesses  may  have  to  be  changed  after 
considering  the  blast  loads. 

3)  Preilmlnary  Radiation  Shielding  Calculations. 

(•)  Compute  Solid  Angie  fractions  Required  for  Shielding 

Calculatlw^s.  (figs.  9.03,  9.04,  9.05  and  9.06). 

(l)  Calculate  solid  angle  fraction  subtended  by 
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4 

*■  “  ^ — 2 — ^ 

“min  ”  2  tan  COS  (9O®.0^}]  -  1.34  ft 

w  +  w  , 

Use  W  -  -  2.67  ft. 

ave  2 

■ri.  «  w  2.67  .  -- 

Therefore,  c  ■  f  *  Y~T8  " 

22  2  (4.92)  , 

and  n  -  "  3.54 

From  Chart  2,  Ref.  6.02,  ■  0.05 

(2)  Calculate  solid  angle  fraction  at  Point  2. 

Assume  W  ■  4  ft.  and  L  ■  7  ft. 

Compute  2  (locate  Point  2  at  3*-l03'*  above 

floor  to  simplify  calculations) 

0^  •  arc  tan  •  39® 

^2  “  ^T> 

Then,  e  ••  0,57  and  n  «  3,00 
From  Chart  3,  Ref.  6.02,  ••  0.04 

(3)  Calculate  solid  angle  fractions  at  Points  3  and  4. 


W  1 

Z 

e 

a 

u 

‘"a 

4  7 

9 

0.57 

2.57 

0.05 

4  7 

3 

0.S7 

0.86 

0.29 

Cb)  Determine 

Worst-Case  Orientation 

for  Prompt  Muclear 

Radiation.  There  are  two  cases  which  should  be 
invest i9ated. 
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Case  1.  The  weapon  can  be  "seen"  from  Point  I 
through  the  entrance  opening.. 

Case  2.  The  weapon  can  be  "seen"  from  Point  2 
thnxjgh  the  slab  over  the  landing. 

Heutron  Radiation.  The  reduction  factor  for  neutrons 
at  Point  4  for  the  two  cases  may  be  written 
(subscripts  Indicate  cases); 


(0 


'fl 


“el  *  “cl 


'f2 


^2  *  “e2  *  “c2 


vdiere  ■  entrance  reduction  factor 
R  ■  corridor  reduction  factor 


“  barrier  reduction  factor 
is  a  function  of  the  solid  angle  fraction 
subtended  by  the  opening  at  the  point  of  interest. 


R^  Is  a  function  of  the  length  of  corridor  beyond 


the  point  of  interest. 

Case  I.  From  Chart  6.01  (since  u>| 
“el-°  .23,  say  0.3  (for  neutrons) 


O.OS) 


R  -  (1)" 
c  2 


where  n  • 


IO*-3"  +  3*-0" 

t. 


22* -8” 


and  t. 


1/2 


*‘1/2  "“i/a  '•I/a 

-  0.366  (W  +  t)  «  0.366  (4  7)  •  4.03  ft. 


Then 


•c  ’  -  o-oio 


Therefore,  R^j  •  (0.3) (0.020)  ■  6.0  x  10 


,-3 


Can  not  use  tOj  for  because  the  slab 


Case  2. 

subtends  a  Much  sMlIer  solid  angle  fraction. 


0,  «■  arc  tan 
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Li  ««it  Ji.“6  **>»»  _tA>- J 


®3  ■  »rc  W  ^  -  4i.j“ 
i  (Sj  -  6j)  -  a.6° 


L  -  4  ft. 


2  ■  cos 


8-‘°  [j^]  -  "• 


Then  e  ■  0.93,  n  «  6. IS  and  u  e2  - 
Frooj  Chart  6.01,  •0.13 

,Un  ^  L  9'-0"  +  3‘-0»  .  „ 

*C2  ■  y  •  - - 05 - 

For  a  mass  thickness  of  175  psf  (14**  concrete) 
and  angle  of  incidence  of  between  28.9*^  and  46.1 

Chart  6.04. 

Therefore,  -  (O.l)  (0.13)  (0.13)  -  1.69  k  lO*'^ 

Co<nparing  R^j  and  R^^,  Case  1  is  the  worst 
case  orientation  for  neutrons. 

(2)  CactYna  Radiation. 

R^l  •  (9.1  u>2)(0.S  up(0.S  u^),  and 

(0-1 

Since  the  factor  (u^)  (O . S  is  co(nnK>n,  it  may 
be  omitted  and  R^l  ,  O.OS  R^j  (w^) 


^f2*  ^2  *  ’'b2 


From  previous  calculations  and  1r<M  Charts  6.01 
and  6.02:  Rjj:  O.OS  (0,58) (0.04)  -  l.l6  m  iO*' 

Rj^:  O.l  (0. 36) (0,032)  "  l.?S  *  l0“‘ 


••  V.V  s' 
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Cot'flpering  and  R^2  apparent  that’ 

Case  2  is  the  worst  case  orientation  for  prompt 

gamma.  However,  the  difference  is  not  great 

and  can  easily  be  made  up  by  increasing  the  mass 

thickness  of  the  slab  over  the  landing. 

vAiat  mass  thickness  is  required  to  make  R^2  ~ 
for  prompt  gamma? 

"  (0.0(0.39)  Rj^2  "  *  10** 

or  Rj^2  "  2.97  x  10“^ 

From  Chart  6.02,  for  30®  angle  of  incidence,  a 
barrier  factor  of  0.0297  Is  obtained  by  a  mass 
thickness  of  about  180  psf. 

Use  Case  I  as  worst-ease  orientation, 

(c)  Proonpt  Radiation  -  Worst  Case.  Since  50  psi  exists  at 
a  horizontal  range  of  about  4,700  ft.  from  the  point  of 
detonation  of  a  one  HT  weapon,  the  slant  range  of  the 
shelter  entrance  from  that  point  is; 

•  R  - - p - . n  S600  ft. 

cos  1^90  -  0^  - 

The  prompt  nuclear  radiation  dose  outside  at  this  slant 
range  is  (Ref.  S.Ol): 

Prompt  gamma  -  11,Q00  rads 
Prompt  neutron  *  7S0  rads 

Mote;  Conversion  factor;  1  neutron/sguOre  centiixeter 
equals  1,8  x  10*^  rad  (Art,  11.87,  Ref.  5.01} 


*,*  X’  '♦*  *. 

a**  a*  .*  .*  *  »*  •*  ♦**  •'  • 

-.-At-*';  A../’*  -  w*? 


t^^aasfea^s^j«MBB8ww 
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(d)  Calculate  Reduction  Factor  Required  for  Prompt 

Neutrons.  ’  For  a  first  approximation  It  Is  assumed 
that  half  of  the  "allovxabte"  prompt  do&e  through  the 
entrance  Is  contributed  by  neutrons.  Then  the 
reduction  factor  required  for  prompt  neutrotf  Is: 


5 

750 


0.00&$7 


(e)  Corridor  Length  Required  for  Neutrons.  (No  barrier 

Inside  shelter) . 

* 

R  ,  n 

R^  .  ^  ( j) 

e 


0.00667 


-  0.0322 


c  0.3 
Therefore*  n  »  6  half-lengths 
L  ■  6  X  4.03  »  24.2  ft.  required 
Length  of  second  leg  »*  10  ft. 

Length  of  third  leg  "11  ft. 

Length  of  fourth  leg  •  __5  ft. 

26  ft.  i  24.2  ft. 


Note  that  for  neutron  attenuation  the  length  along  the 
center-line  of  the  tunnel  between  the  points  of  Interest 
is  used.  The  total  length  of  corridor  required  could 
be  reduced  by  providing  a  barrier  wall  inside  the 
shelter  proper.  If  an  8"  concrete  wall  were  provided 
just  inside  the  shelter  *beyond  the  blast  door),  the 
equation  for  the  total  reduction  factor  becomes: 

R.  ■  R  X  R  X  R. 
f  e  c  D 

where  (100  psf)  “  O.l  (Chart  6.03) 


0.00667 
(0.3)  (OJ) 


-  0.222  - 


Therefore,  n  •  2.3 

Total  length  ■  2.2  x  4.03  •  9  ft. 
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The  installation  of  Such  a  barrier  would  eliminate 
the  necessity  for  the  third  and  fourth  legs  insofar 
as  the  neutron  contribution  is  concerned.  The 
shelter  entrance  would  then  appear  as  shown  in 
fig.  9.07.  Although  the  space  between  the  barrier 
wall  and  the  blast  door  cannot  be  occupied  initially, 
it  may  be  possible  to  use  this  area  after  some  time 
has  elapsed.  A  cost  comparison  then  would  involve 
the  cost  of  the  third  and  fourth  legs  in  Fig.  9.03 
versus  the  Cost  of  the  unusable  shelter  area  plus 
the  barrier  wall  in  fig.  9.07. 

For  this  example  it  has  been  assumed  that  the  basic 
conf igurat ion  (Fig.  9.03)  is  less  costly. 


9.04  RADIATION  SHIELDING  ANALTSIS 

l)  Prompt  Neutron  Dose  through  Entrance  Opening.  From  previous 
calculations 

K  -  (0.3)  (^)^  •  0.00468 


R-  X  0  •  (0.00468) (750)  ■  3.5  rads  at  Point  4 
f  o 


where  0, 


inside  dose  at  Point  4 


0  "  outside  dose 
o 

2)  Prompt  Neutron  Dose  through  Roof  and  Walls. 

(a)  Slab  over  Point  1 . 

(i)  Barrier  Reduction  Factor.  If  the  slab  over  the 
landing  were  infinite  in  extent  the  barrier 
reduction  afforded  by  the  slab  at  Point  1  can  be 
determined.  The  fact  that  the  slab  Is  not 
infinite  would  make  the  barrier  more  effective. 
From  Chart  6.04  the  Barrier  Reduction  Factor  for 


14  MeV  neutrons  Is 

Rj^(i0O  psf)  ■  0.18  for  90®  incidence 
Rj^(l80  psf)  ■  0.02  for  0®  incidence 
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The  actual  angle  of  incidence  for  the  assumed 


r  ®2  1 

point  ^f>-detoflat ion  is  Oj  -  {-— y~) 


or  about 


35®. 

Use  (l80  psf)  ■  0.1  for  35®  incidence. 
(2)  Corridor  Reduction  between  Points  I  and  4. 


0.016 


(3)  Contribution  through  Slab  over  Point  1. 

Rf  -  X  -  0.0016^ 

0.  ■  Rj  X  0^  ■  0.0016  (750)  »  1.2  rads  at  Point  4  ' 

(b)  Slab  over  Point  2. 

(1)  Barrier  Reduction  Factor. 

Concrete  -ITS  psf 

Soil  100  pcf  X  3.83  ft.  •  383  psf 

558  psf,  say  S60  psf 

From  Chart  6.04,  (14  MeV)‘ 

R|^(560  psf)  »  O.OOl  for  90®  incidence 

Rj^(560  psf)  ■  0.00013  for  0®  .incidence 

Use  R^(560  psf)  0.0005  for  35®  incidence 

(2)  Corridor  Reduction  between  Points  2  and  4. 

"  "  aioji  •  "c  " 

(3)  Contribution  through  Slab  and  Soil  over  Point  2. 

R,  -  R.  X  R  -  5  X  10’^  X  6.2  x  10“*  -  3.1  x  10“*^ 
f  b  c 

Oj  «  Rj  X  0^  •  negligible  dose  at  Point  4 

(e)  Wall  Contribution.  The  only  wall  contribution  of 

significance  Is  the  contribution  through  the  wall  between 
the  first  and  third  legs.  For  the  assuMd  orientation 
(O®)  and  an  infinite  plane  barrier  (i.o.,  assuming 


the  watts  between  these  legs  to  be  Infinite  In  length 
and  width),  from  Chart  6.04  the  barrier  reduction 
factor  at  Point  3  is 

X  *  (2*  4**  concrete) (tSO  pcf)  +  (4’  4"  earth) 
(too  pcf)  -  780  psf 
Rjj  {780  psf)  -  i.O  X  to"® 

R  ■  0.5  (from  Point  3  to  Point  4) 

^  “9 

Therefore,  R^»Rj^xR^*“SxlO 

Oj  ■  R^  X  0^  «  negligible  dose  at  Point  4 

3)  Preliminary  Check,  Weutron  Contribution.  Adding  the 
contributions: 

through  entrance:  3.5  rads 
through  roof  slab:  1 .2  rads 
Total  neutron  Oj  ■  4.7  rads  at  Point  4 
This  sum  should  be  <  5  rads. 

4)  Prompt  Gamma  Dose  through  Entrance  Opening. 

Rf  -  R^  X  R,  X  Rj  X  Rj 

where  R^  •  total  reduction  factor 

R  *  entrance  reduction  factor 
R^  ■  reduction  due  to  n‘  90  bend 


- 

R.  (0.1 

u>2)(0.5  a)j)(0.5  <o^) 

(See 

Fig. 

03  for  desi gnat  inn  of 

solid 

angle  fract 

N  - 

0.025  P 

a> 

U 

L  2  e 

n 

Oi 

4 

7  10  0.57 

2.85 

0.04 

4 

7  0  0.57 

2.57 

O.OS 

“4 

4 

7  3  0.57 

0.86 

0.20 

»  ro«o  preuinus  calcutat Ions,  <J)j  «  0.05 


i>.'e".'«n»»JW»v<i.'^/>r^' '' 
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?ram  Chart  6.01,  ■  0.6 

Therefore.  -  0.025  (0. 6)  (0. 04) <0.05)  (0.29)  »  0.87  x  lO"^ 

0.  -  R,  X  0  »  o.a?  X  lo'^  X  laa  *  lo^ 

•  f  o 

0.  -  0.1  rads  at  Point  4 
« 

5)  Prompt  Gagroa  Pose  through  Roof  and  Walls. 

(a)  Slab  over  Point  1.  Assume  no  geometry  reduction,  l.e., 
a  plane  barrier  of  mass  thickness  in  the  2-direetion 
and  infinite  in  the  x-y  plane. 

Froa  Chart  6.02,  Rjj(i80  psf)  ••  2.90  x  10  ^  for  30°  incidence 
Therefore,  •=  Rj^  (0.1  U2)(0.5  *^4)  *  ^.23  x  10  ^ 

0.  -  R.  X  0  -  4.23  X  10*’  x  I.I8  x  10^ 

i  f  o 

»  negligible  dose  at  Point  4 

(b)  Slab  and  Soil  over  Point  2. 

From  Chart  6.02,  R.  (560  psf)  •  3  x  lO"^  for  30°  incldenca 

D 

Therefore,  R^  •  R^  (0,1  u^XO.S  u^) 

0|  <■  negligible  dusc  at  Point  4 

(c)  Slab  and  Soi 1  over  Point  3. 

•^f  "  \  “'4^  “  ^  ^ 

Rj  •  9.7  H  10“’ 

0.  >  negligible  oosa  at  Point  4 

(d)  Contribution  through  V/alls. 

Hegligihle  dose  at  Point  4  ^ 

6)  Secondary  Ganana  Ray  Contribution  from  Corridor  Walls.  This 
section  is  included  to  nake  tite  outline  complete.  In  lieu  of  an  available 
procedure  fbr  such  calculation,  it  Is  assu(f<ed  for  the  sake  of  the  Illustrative 
problem  that  rhe  haaard  has  been  eliminated  by  a  boron  containing  chemical 

on  the  walls  and/or  that  a  degree  of  conservatism  in  handling  other  aspects 
of  the  problem  is  adequate  to  take  care  of  the  matter. 


.  --Til— r-- tT-  a  ”  •  y*— ;****.'^  -  .m-u.ii  f.ii- 

.V  .S  A  .%  J.  V-  . 
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7)  Preliminary  Check.  Total  Prompt. 

Dose  admi tted  through  entrance  structure: 

Neutron  ~  4-.  7  rads 
Gamma  0.1  ratfs 

Total  4.8  rads  at  Point  4;th:s  total  should 
be  <  10  rads. 

Note  that  if  the  fourth  leg  of  the  corridor  were' omitted  the 
prompt  neutron  dose  would  be  increased  by  about  a  factor  of  2  since  one 

half-length  ■  4.03  ft.  In  addition,  the  prompt  gamma  dose  would  be 

0 

increased  by  a  factor  of  7^7 - ,  or  about  7.  Therefore,  at  this  stage 

0.3  (0^ 

it  appears  that  the  fourth  leg  is  not  required  to  meet  the  total  prompt 
dose  assumed.  However,  depending  on  the  dimensions  and  orientation  of 
the  shelter,  this  fourth  leg  may  be  required  soley  to  connect  the  entrance 
to  the  shelter. 

8)  Residual  Gamma  Contribution  through  Entrance  Opening.  It , 
is  assumed  that  the  contamination  is  uniformly  distributed  on  horizontal 
projections  of  ail  surfaces.  In  addition,  it  Is  assumed  that  the  landing 
and  the  floor  below  the  grating  are  similarly  contaminated  despite  the 
fact  that  the  slab  overhead  protects  them  to  some  extent. 

(a)  Skvshlne  Contribution  at  Point  1. 
iiij  •  0.05 

From  Chart  10,  Case  3,  Ref.  6.02,  ■  0.0021 

(b)  Contribution  at  Point  1  from  Contamination  below  Gratini 
(fig.  9.08).  Treat  as  a  contribution  from  a  roof  with 
X©  -  0  psf. 

where  C  "  contribution  from  below  grating 

9 

W  -  4  ft.  -  L 


2  •  4  ft. 
e  "  1  and  n  •  2 
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From  Chart  3,  ftef.  6.02*  (u.  ••  0.13 

*9 

Fronr  Chart  4,  Ref.  6.02,  C  -  C  (0.13,  0  psf)  -  0.024 

9  9 

(c)  ContributtofT  at  Point  1  frxm  Contaminat ton  on  tan^rng, 

(Fig.  9.08).  Treat  as  contribution  from  roof  with 

X  «  0  psf. 
o 

‘  i  [s  K2*  °  Ki»  ° 

where  C^  -  contribution  from  landing 


uWLZcntitC^ 

4  9.83  3  0.407  0.6I  0.32  0.070 

4  4  3  I  l.S  0.20  0.042 

Therefore,  |  [^0.070  -  0.042 

(d)  Contribution  at  Point  1  from  Contamination  on  Stairs. 
(Fig.  9.09).  The  limited  strips  of  contamination  on 
the  stairs  are  too  small  to  compute  directly  as  in 
the  previous  fashion.  Therefore,  tn  obtain  the 
contribution  from  the  contamination  on  the  stairs  it  is 
recommended  that  the  plane  of  the  detector  be  rotated 
so  that  it  is  parallel  to  an  idealized  plane  through 
the  stairs.  If  the  shielding  afforded  by  the  edges  of 
the  top  steps  is  ignored  the  contribution  from  these 
steps  will  be  exaggerated.  Using  this  conservative 
approach,  the  ground  direct  contributlo<i  from  the 
contamination  on  the  stairs  may  be  calculated  as  follows. 
Treat  as  contribution  from  roof  with  X  ■  0  psf. 

^^s  "  1  [‘^s  ^"’s2'  “  “  ^s  ^'“sl*  °  P*'^] 

where  ••  contribution  from  stairs 


j  -  0.014 


,*  •* 


2t8 
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9^  •  arc  tan 


3* 


58.6® 


(p  -  0  -  39.2''  •  19.4”  • 

I  .  -  (5_o5^.  i9’,40)  .  5.42  ft. 

yin  58.6“^ 

W,-  2.( - -J  sin  19.4®  -  3.83  ft. 

A  e<l  zO 


sin  S8.6'' 


'■i-  ^  '*• 


u 

w 

L  Z 

B 

n 

u 

s 

“s2 

4 

28.3  5.42 

0 

.14 

0.385 

0.20 

0.042 

“si 

3.83 

4  5.42 

0 

.96 

2.72 

0.08 

0.015 

5  (0,042 

-  0.015)  -  0.014 

Total 

Residual 

Contribution 

at 

Point  1. 

^1- 

A  +  C 
a  g 

s  s 

Si  ■ 

0.054 

Dose 

at  Point 

4, 

Si- 

Cyj  (O.l 

Uj) (0.5  u^) (0.5 

U4) 

R^J  -  0.025  (wp  (Uj)  (u)^) 


Rjj  -  (0.025) (0.05) (0.04) (0.05) (0.25)  «  0.62  x  10 
0,  -  R.,  X  0  -  0.62  X  lO'^  X  0.93  x  10® 

I  Ti  0 

*  0. 1  rads  at  Point  4 


•6' 


Rosiduai  Contribution  through  Roof  Slabs  and  Walls  of 
Entrance  Structure. 

(*)  Slab  at  Point  1. 

W  -  4  ft.,  L  -  4  ft.,  Z  ■  4  ft. 

Therefore,  e  ■  1  and  n  ■  2 
From  Chart  3,  Ref.  6.02,  “  0,13 
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Fro*  Chart  4,  Ref.  6.02,  180  psf)  -  0.0015 

-  C^(0.1  «2)(0.5  o^CC.S  «^)  »  2.20  x  10“® 

0,  «  R-  X  0  -  2.20  X  lO"®  X  0.92  x  la® 

I  r  o 

■  negligible  dose  at  Point  4 
(h)  Slab  at  Point  2.  (Fig.  9.10). 


a  w 

L 

Z 

e 

n 

u 

X 

o 

3 

3 

4 

4 

1 

2 

0.13 

560 

o 

3 

7.67 

6.83 

0.522 

1.78 

0.09 

370 

%3  ^ 

12.67 

6.83 

0.315 

1.09 

0.13 

180 

•  ^olKl» 

-Oil" 

-[c 

2  L  o2 

ol^“ol* 

Kz\ 

i  .‘o3*“o3’  *03* 


'o3<“o3-  *03>] 


From  Chart  4,  Ref.  6.02, 


*=olKl* 


^olKl*  *02^  • 

^2^2'  *o2^  " 
*^02^2*  *o3^  • 
<^03^3*  *03^  " 


<  0.0001 
<  0.0001 
0.0009 
0.0014 


C^  -  «  0.0001  ■♦''“(<  0.0001  -  <  0.0001) 

•♦•  ~  (0.0014  -  0.0009)  -  0.00025 
Therefore,  R^  •»  Cg(0.l  <.»j)(0.5  u^)  ••  1.81  x  lO”^ 

0,  -  R,  X  0  -  1 .81  X  lO”^  X  0.93  x  10® 
t  r  o 

••  negligible  dose  at  Point  4 
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Sk.»  9^ 

(c)  Sl«b  at  Point  3.  Even  If  were  l.O,  (i.e.,  effect 
of  geoMtry  neglected)  the  contribution  C^(l.0»  $60  psf) 
it  «  0.0001.  (Chert  4,  Ref.  6.02). 

Therefore*  -  «  lO”^  x  Q*l  x  0*29 

-  «  2.9  X  10“^ 

Therefore,  Oj  «  Rp  x  9^  »  «  2.9  x  10“^  x  0,93  x  10®» 

■  «  0.27  rads  dose  et  Point  4 

10)  Total  Prowpt  plus  Residual  Radiation  Dose.  The  radiation 
dose*  at  Point  4  calculated  In  the  previous  paragraphs  are  suemarized  as 
follows: 

Source  of  Pose  Proept  Meutron  Proopt  Gawroa  Residual  fiawna 

Entrance  Opening  3.5  ^  l)*  0.1  >4}  0.1  *•  8)(f) 

Roof  Slab  >  Point  1  1.2  *•  2)  (a)  (3)  negi.  >  S)  (a)  negl.  •>  9)  (a) 

Roof  Slab  •  Point  2  negl.  -  2) (b)(3)  negl.  >  5) (b)  negl.  •  9)(b) 

Roof  Slab  •  Point  3  •  negl.  -  S)(c)  0.27  •  9)(c) 

Walls  negl.  »  2)(c)  negl .  -  S)(d)  « 

Total  Doses  4.7  rads  0.1  rads  0.37  rads 

Total  Dose  5.2  rads 

^Refers  to  section  in  which  the  dose  was  calculated. 

If.  as  was  assumed  for  this  Illustrative  design  example,  a  total 
dose  of  20  rads  is  permissible  through  the  entranceway,  then  this  entrance- 
way  design  is  mote  than  adequate.  It  is  worthwhile  at  this  point  to 
examine  the  effect  of  omitting  one  or  more  legs  of  the  entranceway  corridor 
Only  the  effect  of  omitting  the  third  and/or  fourth  legs  will  be  examined, 
inasmuch  as  the  first  two  tegs  are  required  to  descend  to  the  assumed 
level  of  the  shelter,  the  Building  Exits  Code  of  the  National  Fire  Code 
limits  the  vertical  distance  between  landings  to  d'>6'*,  and  a  tortuous 
path  Is  required  to  prevent  the  blast  wave  from  reforming  as  an  Ideal  shock 
Omission  of  the  fourth  leg  of  the  corridor  would  increase  the 
prompt  neutron  dose  Just  inside  the  shelter  by  a  factor  of  approximately  2 
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to  the  power,  or  by  «  factor  of  2.36.  The  proai|>t  gaoaa  and  residual  ■ 
gaoma  dose  would  at  the  sane  tine  be  increased  by  a  factor  of  approxinately 

_ l_  .  1  -  .  c  9 

0.5  0.5  X  0.29 

Therefore,  the  total  pronpt  plus  residual  dose  received  inside  the  shelter 
when  the  fourth  leg  and  third  bend  are  omitted  its 

Prompt  Neutron  2.36  x  4.7  ■  11.1  radt 

Prompt  GaasM  6.9  x  0.1  ■  0.7  radt 

Residual  Gaoxna  6.9  x  0.4  •  2.8  radt 

Total  Dose  14.6  radt 

Therefore,  from  the  radiation  shielding  standpoint,  the  fourth  leg  and 
associated  bend  could  be  omitted  and  the  shelter  entered  directly  along  an 
extension  of  the  third  leg  provided  the  dlnenslont  and  orientation  of  the 
shelter  proper  %Mrfi  such  that  this  entrance  configuration  would  be  possible* 
Omission  of  the  third  and  fourth  leg  and  associated  bends  would 
increase  the  prompt  neutron  dose  inside  the  shelter  proper  approximately 
by  a  factor  of  2  to  the  power,  or  by  a  factor  of  15,6.  The  prompt 
gaaua  and  residual  gssxaa  dose  would  be  increased  by  a  factor  of 

-  276 

Therefore,  the  total  prompt  plus  residual  dose  received  within  the  shelter 
proper  when  the  third  and  fourth  leg  and  associated  bends  are  omitted 
trauid  be: 

Prosit  Neutron  15.6  x  4.7  ■  -73  rads 

Proa^t  Gamma  276  x  Q.l  ■  23  rads 

Residual  Caawa  276  x  0.4  ■  >10  rads 

Total  Dose  211  rads 

Therefore,  from  the  radiation  shielding  standpoint,  the  third  and  fourth 
legs  and  associated  bends  can  not  be  omitted  unless  a  barrier  Is  placed 
perpendicular  to  the  last  leg  and  within  the  shelter  proper. 
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In  the  design  of  an  entranceM.4y  for  an  actual  shelter*, 
additional  possibilities  should  be  investigated  such  as  the  inclusio* 
of  a  barrier,  the  reduction  in  length  of  the  third  leg  and  oaisslon 
of  the  fourth  leg,  etc.  The  east  desirable  solution  would  be  that  one 
which  provides  the  required  protection  at  the  least  cost.  Furthermore* 
when  the  total  shelter  system,  i.e.,  the  entranceway  and  the  shelter 
proper,  is  being  designed,  a  reapportioning  of  the  amounts  of  radiatiom 
allowed  through  the  entranceway  and  shelter  proper  may  be  required  ia 
order  to  obtain  the  most  econooic  design  for  the  total  shelter  systeai. 


9.05  SL*«  resistant  DESIGN 
1)  Pressures. 

U)  Side-on  Overpressuie. 

Pso  •  ^ 

(b)  Peak  Reflected  Overpressure.  At  top  (exterior 
stairway,  landing,  and  interior  stairway)  the 
pressure  Is 


P..  -  2  P 


so 


+  4p 

W  200  psl 

•^so 


(c)  Peak  Reflected  Overpressure.  In  corridor  bel(»a 

ground  with  tortuous  entrance  (2-90  degree  bends} 
the  pressure  is 


Pj.  •  2  -  100  psi 


2) 


Haterial  Properties. 

(a)  Soil  Properties.  Stiff  ynsaturatad  clay*  estimata 


">  ‘<,-5 

(2)  k  w  loo  psi  per  inch  of  deflection 

(3)  •  0,  k  •  I 

P 

(4)  y  -  120  ibs/fi.^  -0.02  Ibs/m'* 

(5)  c  •  I  too/ft. ^  -  14  psi 
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(b)  Structural  naterlet  Properties. 

(1)  Concrete,  f  -  3000  pi I 

f*  -  1.25  f  -  37S0  psi 

“d  *  **** 

E  -  5000  f‘  -  3  X  10®  psI 
c  c 

n  -  E/E^  -  10 
s  c 

(2)  Reinforcing  Steel.  Interaedlete  grade  with 
ASTM  A'*3Q5  deformat loni 

f .  -  52,000  psi 
dy 

3)  Design  of  Walls  Adjacent  to  Open  Stairwell. 

(a)  Lateral  Loads  on  Wall, 


(l)  inward  Loading 


(2)  Outward  Loading 


2Z4- 
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(b)  Analysis,  Use  a  triangular  shape  to  approximate  the 
wall  dienenstoitt. 


13* 


(I)  Assumptions. 

a.  Pilaster  along  c-c  to  provide  fixity  for  slab, 

b.  Yield  Moments  along  lines  over  supports  a~a 
and  c-c. 

c.  Yield  moment  along  line  b-b  at  angle  CX 
with  x-ax1s, 

d.  Similar  reinforvcment  In  x  end  y  directions; 

.*.  yield  moments  are  equal,  I.e,, 

where  w  and  w  are  the  yield  moments  In  ft.lbs/ft 

y 

In  the  X  and  y  directions  respectively. 
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Note:  Since  yield  line  Intersects  free  edge 
at  angle  a  i*  90®»  need  a  "substitute 
corner  shear"  as  in  elasticity. 


■  cot  <2  .«•  normal  f  shear 

force  in  obtuse  (*) 

«  normal  |  shear 

force  in  acute  (x) 


(I) 


(2)  Wall  Portion  P. 


Moment  about  c-c  of  yield  moment  acting 
along  b'b 


■  (ffly)  (length  b“b){sina) 

-  («y)  (-;T^)  (*«««)- 9 -y 

^  Vc  "  ®  "c  +  ®  "y  "  "y*9^  “  “"2 - 3  *  ® 


9  ».  +  9 


9"y 


Wp  -  0 


2 

■  (-Jj)!.  )(‘6  -  I  >  •  *,  <J  -  '>•»”) 

where  m^,  ft.lb/ft. 

d.  ft. 

w  ,  Ib/ft.^ 

r 


>  .*  «  /- 
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(4)  Equate  Wp  and  Td  obtain  uniform  load  giving 
yield  moments  indicated  in  portions  P  and  Q,  equate 


Wp  and 


-  0.074)  - - i—r 

d^  2.63  r 


(15.8  h  +#)  - 


By  Trial  and  Error  solve  this  equation 

Try  d  •  4.7  ft.,  tan  Oi  ■  »  1.915,  0!  •  62.4® 

q>  ■  27.7®,  5in  <J>  ■  0.,464,  cos  <P  “  0.886 

*  *  ■  TtIsZ  “  10.17  ft. 

sm  a  O.oob 

f  “  B  sin  (J)  4.72  ft. 

h  •  B  cos  <P  ■  9.00  ft. 


w_  *  m 

P  y 


.  0.074  I  -  (0.544  -  0,074)-0.470 

m4.7)^  j  y 


(2.63)  (4.72)^ 


.8  +  9.00  + 


0.467  eiy  (close  enough  to  0.470  m^) 


where  w  is  in  Ibs/ft.  .470  w. 


(c)  Required  Flexural  Section, 
(l)  Resistance. 


1 

Now  1  -  where  p  •  3 

dy  2u 


•  0.833  q^  where  p^  4  q^  are  in  psl 
For  p^  -  23  psi,  q^  ■  30  psl 
For  p^  ■  Il6  psl,  q^  •  141  psi 
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(2)  Section.. 

But  froa  above  7^  ■  <iy  “  "y  *  0.00326 

Mow  m  ■  0.009  (p  f  .  a  d^*  If  <J»  CUSX 

T  ®1r 

»  (0.009)  (0.5)  (SZOOOMl  ft)d^. 

•  234  ft.lb/ft. 


For  ■  30 


30 


P**'  ^  "  (0.00326)  (234^  “  ^ 
Therefore,  d  ~  6i  in.,  say  7  In. 


For  <P  -  O.S,  -  (0.005)  (T)  (12) 

■  0.42  sq.tn/ft. 

Use  #5  at  8  In.,  (0.31)  (-1)  ■■  0.46  sq. In/ft. 

(each  way,  each  face) 

V  -  <P'  -  0.55X  f 

Anchorage  requl  red,  Length  ■  0 

.  52000  I  «  ifi 

4  X  450  *  t  *  * 


For  ■  141  pti 

***  “  TOowTOSaJ"  “  ^  ‘‘'• 

Thickness  ■  17  In, 

For  9  -  0.5,  A.  «  (O.OOS)(14)(12)  -  0.84  aq,ln/ft. 

m 

Use  ifl  at  8  In.,  (0.60){|)  -  0.90  aq. In/ft. 

(each  way,  each  face) 
ip  •  q>*  ■  0.S4X 

Anchorage  required.  Length  •  Fx^lo  *  'g  25  In. 

(d)  Diagonal  Tension  and  Shear.  Previous  calculations  are 
for  ductile  behavior  In  flexure.  Yield  resistance  In 
shear  and  diagonal  tension  Must  exceed  flexural 
resistance.  For  diagonal  tension  and  pure  shear  Ideal Ixa 
by  consid«(rlno  a  one-w6'/  slab  with  fixed  supports  at 
Mid-depth  (L  ■  78  In.). 


A.0& 
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r- 

s 

i: 


I 


(l)  Diagonal  Tension. 

Take  at  6  in.  horizontally  (slightly  <  i/2) 

at  8  In.  vertically  (>  spacing  of  flexural 
reinforcement) 


ioo(i+^|')(i 


«y(l).S4)(3000)  [(S75^i2j]* 

-  100  (0.833)(1  -s- 0,96)  (40.3)  (0.18)* 

-  (6580) (0.0324)  -  213  psl  >  141  pal,  OX 


(2)  Pure  Shear. 

F«  f  <  0.2.  .  0.44  f- 

.t  .Id  h.lght.  I  -  0.16.  <1^  •  (0.44)  (3000) (^) 
-  290  psl  >  141  psl 

at  top,  (  -  0.09.  qy  -  (0.44)  (3000)  (§^) 

•  131  psl,  say  OK 

(e)  Sketch.  Fig.  9.11  Is  a  sketch  of  the  reinforcement 
In  the  exterior  stairway  walls. 


4)  Stairway  Slab.  The  wall  design  was  based  on  the  assumption 
that  a  yield  moment  existed  along  line  a-a,  I.e.,  at  the  stairway  slab. 

The  yield  moamnt  of  the  stairway  slab  must  be  at  least  equal  to  the  yield 
moment  of  the  wall  In  order  to  provide  continuity  at  the  corner.  Therefore 
the  minimum  slab  section  must  correspond  to  the  wall  section,  I.e.,  d  •  14'* 
with  #7  at  6  in.  in  each  face.  This  requirement  Is  greater  than  that  for 
the  Interior  stair  floor  section  which  carries  e  similar  loading;  saa 
paragraph  9.05-S). 


Therefor*  use  »  14  in. 

t  ■>  18  In.  (4  in.  cover  to  ctr.  bottoa  steel) 

#7  et  8  in.  top  end  bottoie  . 

5)  Peslgn  of  Corridor  Sect  Ton. 

Interior  dinensions:  width  *  48  Inches 

height  ■  84  inches 

(*)  Wall  Section. 

(1)  Loadings. 

Design  aS  one-way  slab  with  fixed  supports. 

Load  acting  inward: 

P.  -  Vso  “  P*' 

Using  p  ■  3,  required 

Proportion  wall  section  for  this  load  and  check 
for  condition  with  following  load  acting  outward: 


1  - 


JL 

2li 


•  '30  psi 


p^  >  100  psi  with  u  •  10 
(2)  Design. 

Assume  thickness  *  10  in. 

d  •  7.S  In. (2.5  in.  cover 
to  ctr.  steel) 

L  •■  64  in.,  ^  •  0.069 

a.  Flexure.  j, 

-  0.072  (q)  ♦  V)  f^  (|) 

Therefore  (v  e  5>’)  ••  — - . . — • 

(0.072) (52000) (0.089)* 

-  1.01% 

For  v  -  (p»  -  0.50%,  A^  -  0.0050  x  7.S  x  12 
-  0.45  in.Vft. 

Use  #S  at  8  in.,  A  “  0.47  In.^/ft,  each  face 
$ 

<P  -  <J>’  -  0.52% 

*  0.072  (0,52  ♦  0.52) (52000) (0.089)^ 

•  30.9  psi  >  30  psi,  OK 


$«c.  9.0& 
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b.  Diagonal  Tension  and  Sh^tr.  To  assure 
ductile  behavior*  the  yield  resistances 
for  di agonal  tension  and  pure  shear  must 
exceed  30.9  psi*  i.e.*  the  flexural  yield 
resistance. 

Diagonal  Tension 

Assume  minimum  percentage  of  shear  reinforceaient 
9^  -  0.25X 

Try  #3  at  4  in.  vertically  (approximately  d/2) 
at  8  In.  horizontally  (>  spacing 
of  vertical  reinforcement) 


-ffi  ■ 


100 


y/o.52  x^MOT  (0.089)* 


-  3h.3  psi  >  30.9  psi 


Therefore,  the  assueed  dimensions  are 
satisfactory  subject  to  further  check.  ' 
Pure  Shear  ^ 

For  (  <  0.2*  -  0.44  f'  ^ 

Therefore,  ••  0.44  x  3000  x 

-  129  psi  >  30.9  psi.  Ok 
c.  Yield  Deflection 

,.1  «  Iss.  +  (22-)^  ,  3SL. 

“  ^50  ^lOO'  100 

/o.52  X  10  r/F.52~x  loTI  0.52  x  10 
SO  '  100  ^  "  iOO 
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»  0.327  •  0.052  «  0.27S 


I  .  (I  .  k*l^ 

'  3  100  ' 

.  jo, 275  >  7.5)»  ^  iOiOjai<_L5f(,.o.2re)2 


«  2.9  +  11.5  -  14.4 


Th*rafore, 


30.9  X  (841^ 

307  X  3  X  10^  X  14.4 


0.12  In. 


d.  UltiiMte  Deflection  for  Load  Acting  Outward. 
■  100  pti 


Oting  4  •  lOt  x^  ••  10  ••  10  X  0.12  ■  1.2  tO. 

MmIbum  passive  resistence  evelleble  >  80  psi 
($«•  persgreph  3) 

Required  passive  resistance  ••  100  >  30.9 
»  69.1  <  80,  OK 

Passive  resistance  ■obilixed  K  p.  4  k  x 

o  so  u 


Therefore,  x^  ■ 


69.1  -  69.1  «  2S 


-  0.44  in.  <  1.2  In.,  OK 

Since  the  required  passive  resistance  is  less 
than  the  naxieue  which  cen  he  developed,  end 
the  required  ultinate  deflection  to  atobiliza 
this  Is  less  than  the  10  i^,  the  load  acting 
inward  controls  the  design. 


'mnam 
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(b)  Roof  »nd  Floor  Section. 

(l)  Loadings. 

Design  as  one-way  slab  with  fixed  supports. 
Load  acting  inward  (neglecting  weight  of  sofl 
and  concrete  which  are  small  compared  with 


(2) 


pressures  acting):  p^  •  •  SO  psi 


Load  acting  outward: 


p  —a 


so 


lOO-SO  -  SO  psi 


Proportion  roof  and  floor  sections  for  50  psi 
acting  In  either  direction. 

Using  p  ■  3,  required 


60  psi 


2u 


Design. 

Assume  thickness  »  10  in.  (saate  as  walls) 
d  -  7.5  in. 

L  «  48  In..  d/L  •  0.156 

a.  Flexure 

In  order  to  satisfy  the  assumption  of  fixed 
ends  for  the  wall  section,  the  mlnliiium 
reinforcement  in  the  roof  and  flckor  must 
correspond  to  that  selected  for  the  walls. 
Therefore,  try  ^5  at  8  in.  each  face, 

9  -  V  -  0.52X 

-  0.072  (0.52  0,52) (52000) (0.156)^ 

-  94.5  >60  psi.  OK 
Use  A'S  at  6  In.  each  face 

b.  Diagonal  Tension 

Use  same  shear  reinforcement  as  In  walls. 


9.. 


0.34X 


1 


t  I. 


•  ‘  •  .  *  *  •  *  V  •  *  •  a  •  a  a  •  *  ‘  a  •  a,  •  •  •  *4  ^  m  -  .  •  ,  ♦  ^  *  w  '  ^  •  h'  w  e  •  w  •  ^  ^ 


HMHflNIlti 


rriwriiiw  wimm 
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-  100  I  -  +  -  r  1  +  X  0.34  X  S200o1 

*  2  0.52J  *  iflS  J 

*  ^/oTsmSoS  (0»LS6>^ 

-  108.5  psi  >  94.S  pti,  OK 


c.  Pure  Shear 

For  ~  <  0.2,  -  0.44  x  3000 

-  244  psi  >  94.5  psI,  OK 


(c) 


Anchorage  Reoul remants. 

f . 

Required  length  of  anchorage  •  (bar  diameter) 


For  #5  bars: 


52000  S 
4  X  450  *  t 


18  In. 


tong  I  tud  I  na  1  Relnforceinem;. 

Use  0.25X,  -  0.25  x  10  x  12  -  0.30  In.Vft. 

Use  #4  at  16  In.  each  face 

(«)  Skei^.  Fig.  9.12  |,  *  sketch  of  the  reinforcement 
In  the  corridor  section. 


6) 


■Pgslqn  of  Interior  Stair  Section. 

Interior  dlixensions;  width  «  48  inches 

height  “  106  Inches  vertical 

•  82  Inches  normal  to  stairs 

i*)  Ks  1 1  Sec  1 1  on . 

(l)  loadings. 

Design  as  onO'-way  slab  with  fixed  supports. 

Load  acting  inward:  p  ■  K  p  «  25  oel 

m  o  to 


Using  u  ■  3,  required  q  -  30  psi 

i' 

Load  acting  outward;  p  •  200  psi  with  p  >  10 


The  MxiMun  passive  resistance  available  to  a 
depth  of  9  ft.  Is  82  psi,  see  paragraph  3).^. 
Thus,  the  passive  resistance  expressed  as  a 
function  of  the  subgrade  modulus,  +  k 

should  not  exceed  82  psi.  The  aintaue 
deflection  which  will  nobillze  this  resistance 
Is  therefore: 


Vso  *  ‘‘  \ 


“  (so)  +  100  Xy  -  82 
82-25  .  . 

*u  •  ■"loo'”  •  *'’• 

The  corresponding  yield  deflection  Is  x^  * 

-  0.057  In. 

The  design  of  the  walls  will  be  Mde  on  the 
assuMptlon  that  the  full  passive  resistance  ip 
•obi Used,  l.e«,  *■  200  •  82  •  116  psi.  The 

.  yield  deflection  will  then  be  checked  and 
coMpared  with  the  oinlauM  yield  resistance  of 
0.057  in. 

(2)  Design. 

Use  <jy  »  118  psi 
Assuee  thickness  •  14  in. 

d  «  11. S  In. 

L  -  82  in.,  d/L  •  0.140 
Flexure 


0,072(52000) (0.140)' 


1.6a 


For  <p  -  <P*  •  0.80S%,  A.  -  O.OBOS  x  il.S  x  12 

S’ 

2 

■  l.ll  in  /ft.  inclined 

fteguired  vertical  •  l.ll  ■  1.86  In^/ft. 
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Use  #8  at  S  In.*  A  ■  1.90  inVft.  each 
face  vertical 

inc lined  »  1.14  fnVft. 

<?■<!>*■  0.82X  • 

-  0.072(0.82  +  0.82)  (52000)  (0.140)^ 

»  120  psi  >  118  psl*  OK 
b»  Yield  Deflection 

.  ,  .  /0.82  X  10  ,0.32  X  0.82  x  10 

“  "  ^  50  ^  100  '  ’  100 

»  0.31S 

t  (0.31S  X  11,5)^  .  10  K  0.82  X  11. 

1  -  3  t-  ^  K 

(I  -  0.31S)^  -  15.9  58.5  -  74.4  io* 

120  X  82^ 

'  307  X  3  X  lo’’  X  74.4- 

-  0.0792  in,  >  0.057  In,.  OK 


c. 


Oiagonal  Tension 

Try  #3  stirrups  at  5  In.  vertically 
at  S  In.  horizontally 


0,11 

5x5 


•  0.44S 


1  0.32 

2  CT 


]h 


2  X  Q. 44  X  5200ol 

10^  J 


X  Jo, 82  X  3000  ',0.140)^ 
«  lid  psi  ^  120  psl,  OK 


d.  Pure  Shear 

fo,  i  <  0,2.  -  0.«  .  3000  . 

•  215  psi  >  120  psl.  OK 
Since  the  seciiutt  is  satisfactory  for  diagonal 
tension  and  pure  shear  the  reinforcement 
selected  on  the  basts  of  flexure  is  satisfactory. 


Design  as  one-'t^ay  slab  with  fixed  supports.  ' 

Load  acting  tm>«rd  (neglecting  weight  of  soil 
and  concrete):  ■  P^^  ■  50  psi. 

Load  acting  outward:  ■  p_  -  p.^  •  200-50  •  150  psI 

M  r  so 


Proportion  roof  and  floor  sections  for  150  psi 


acting  outward. 

Using  4  ■  3,  r*t?4ired 


180  psi 


(2)  Design. 


Assuoie  thickness 

4 

L  -  43  in.,  dA 


12  in. 
9.5  in. 
0.198 


For  <p  ■  •  0.62X>  •>  0.0062  x  9,5  x  12 

■  0,71  in^/ft.  required 

Available  firoa  wall  reinforceaent:  ^8  at  6^  ln,» 
Therefore,  ■  1.46  inVft,  each  face 

(p  «  9*  M  l«28 

q^  -  0.072  (1.28  +  1 .28) (52000) (O, 198)* 

-  376  psi  >  180  psi,  OK 


b. 


Diagonal  Tension 

Try  //3  stirrups  at  4  in.  longitudinally  in  span 
at  6j[  In.  transversely  In  span 


«  o«n 

*  4  X  6^5 


0.424 
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^1.28  X  30QO‘  (0.198)^ 

■  291  psi  <  376  psi,  but  »  180  psi« 
therefore*  OK  ' 

(c)  Pure  Sheer 

For  ^  <  0.2,  Cy  -  0.44  x  3000 

■  326  psI  <  376  psi,  but  »  180  psi, 
therefore,  OK 

Therefore,  the  dixeaslont  *>'.4  reltiforceaent 
selected  ere  setisfectory. 

(c)  Anchorage  Requirements. 

For  #8  bars:  x  |  -  29  In. 

(d)  Longitudinal  Reinforcement. 

Sana  as  for  corridor  section,  AI4  et  16  In.  each  face. 

Sketch.  Fig.  9.13  it  *  Sketch  of  the  reinforceieent 
In  the  interior  stair  section. 

7)  Design  of  landing. 

Interior  dimensions:  height  96  Inches 

width  •  see  plan 


{•)  Wall  Sect  ion » 

(1)  Lo«dinq>« 

Load  acting  Inward:  •  ’^o^’so  “  **** 

Using  a  -  3,  required  q^  “  30  psi 
Load  acting  outward:  p^  <■  200  psl 

(2)  Design^ 

Design  at  two-way  slab  fixed ^t  roof  aad  floor 
and  at  the  corner: 

2 

.ViuM  free 

AssuMod  yield 
Unas 

2 


An  approxlaate  yield  line  analysis  will  be  aiade. 
Yield  Unas  are  assuwed  as  shown.  Since  the 
yield  line  locations  have  been  assueed,  the  yield 
resistances  for  areas  (1)  and  (2)  will  not  In 
general  be  equal  as  would  be  the  case  If  the 
yield  lines  were  in  their  theoretically  correct 
position.  H  the  arbltrery  yieid  line  location 
Is  reasonable,  however,  the  yield  resistance  of 
the  slab  way  be  taken  as  the  weighted  average 
of  the  resistances  of  the  individual  areas,  I.e., 


<i|  Aj  +  q2  *2 


where  q  It  the  yield  resistance  and  A  the  area 
of  the  individual  areas  Indicated  by  the  sub¬ 
script.  Tbe  yield  resistance  for  the  slab  on 


this  basis  bacoaes,  for  7-  <  2: 

“•I  " 


1  r  +  -  +  '•B  *  ‘•bN 


(1 _ s-Y 

3 


kfhara  L  is  the  span  and  N  tha  corraspohdlng 
posltlva  or  negativa  rasistlng  aoMant,  subscripts 
A  and  B  refarring  to  tha  long  and  short  spans, 
respactlvaly. 


The  wails  for  the  adjacent  Interior  stairway 
were  designed  using  »  II8  psi  acting  outward. 
If  tha  saae  wall  thickness  Is  used  harat  tha 
deflections  will  be  siallar  and  tha  passive  soil 
resistance  will  also  be  siallar.  Tharafora, 
design  for  •  118  psI* 

Use:  thickness  •  14  In. 

d  •  11.0  In.  (average  d  for  2 
layers  of  steal) 

•  98  In. 

«  60  In. 


flexura 


1  r  ♦  +  ‘■B  * 

s  - ^731 J 

Tt: 


Make  ^  ^  ****'' 


118 


"  9(r 


715  [■* 


H+  16h|| 


(!  - 


96  V 
66' 


(1 


■§r 


3  X 


Fu 


M  4-  12.9 


h! 


1 


Sn,  9.0S 


24? 


M  -  -  24V9~*  ~  ’*‘'^‘**  ■  ^ 


Th«r#for*,  ^  • 


_ 27300 

0.009  X  S200Q  X 


-  0.483X 


-  0.00483  *  U  X  12  -  0.64  luVft. 
horizontal  and  vortical*  oach  faco 

Usa  /if$  at  6  In.  borlzootal  and  vorticfl*  oach  facx 

-  0.66  loVft. 

Olaoonal  Tension  and  Puro  Shoar 
Thofo  ro<)ul resents  will  bo  satlsflod  as  for 
tha  interior  stair  walls  sinco  tha  length 
of  support  Is  greater  (3  sides  fixed)  and 
the  corresponding  shears  will  bo  SMllor. 

Usa  4/3  stirrups  at  6  In.  vertically  and 
6  in.  horizontally. 


(0 

Load  acting  li^^^ard  (neglecting  weight  of  soil 
and  Slab):  «>«  “  •  5®  P** 

load  acting  outward:  •  P^  *  P,^  <*  200  -  50  •  150  psi 

P-i 

Using  u  •  3*  required  «  180  pal 

*  “  ^ 

(2)  Oeslqn.  Design  as  two-way  slab  fixed  on  two 
adjacent  sides  with  support  at  Corner: 
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An  «pproxin»t*  yi«U  ttne  «n«lysit  will  b*  Md«« 
Yi«ld  lines  ere  essweed  es  shown  intersecting 
at  the  Median  of  the  triangle  fonaed  by  extend* 
fng  the  ffxetf  sfdes  to  twice  their  length.  'Hie 
yield  resistance  of  the  slab  expressed  as  the 
weighted  average  of  the  yield  resistances  af  ' 
the  individual  areas  Is 


*^A  "a 

g  -4.6-^ -f  3.6^ 
y  L  *  I  * 
**4  ‘•A 


+  4.6 


+  3.6 


a.  Flexure 

•  Lj  “  60  In. 

Neka 

180  «  (4.6  ♦  3,6  +  4.6  4  3.6)  -A 

60* 


180  X  60^ 


39*400  In. lb. 


Use  thickness  «  14  in. 

d  •>  11  in.  (average  for  2 

layers  of  steel) 


^  - - j 

0.009  f^  d‘ 


39,400 

0.009  X  52000  X  ll' 


•  0.70& 


A^  -  0.0070  X  ll  X  12  -  0.92  InVft.  each 
way  in  v'seh  face. 

Use  #7  at  6  In,  each  way  in  each  face* 

Aj  »  1.20  in*/f.,. 

b.  PI  agonal  Tension  and  Pure  Shear 

These  regulreaents  will  be  satisfied  as  for. 
the  Interior  stairway  roof  since  the  landing 
roof  is  thicker  (14  In.  versus  12  in.)  and 


aja& 
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the  length  of  support  is  soatewhat 
greeter  (2  sides  fixed  plus  about  24  In. 
at  corner  support).  Thus,  the  correspond¬ 
ing  shears  will  be  smaller. 

Use  stirrups  at  6  in.,  each  way 
(c)  Sketch.  Fig.  9.14  is  a  sketch  of  the  reinforceoent 
In  the  landing  section.  . 

9.06  BUST  RESISTANT  DESIGN  (CHARTS) 

In  many  cases  the  design  of  structural  elements  of  the  entrance- 
way  structure  may  be  done  more  expeditiously  by  the  use  of  the  Design 
Charts  and  Tables  of  Chapter  7. 

Although  it  hat  been  assumed  for  the  purposes  of  this 
Illustrative  design  example  that  there  is  no  requirement  for  an  Interlock 
and  the  blast  design  of  the  structural  elements  and  the  radiation  shield¬ 
ing  analysis  of  the  configuration  hat  been  performed  accordingly,  for 
purposes  of  Illustration  both  an  exterior  door  at  the  ground  surface  and 
en  Interior  door  In  the  corridor  will  be  designed  In  this  section  using 
these  Design  Cherts  end  Tables. 

1)  Horizontal  Sliding  Door  at  Ground  Surface.  The  ex.terlor 
door  at  the  ground  surface  Is  flush  with  the  ground  (0**  angle  of  incidence) 
end  it  therefore  designed  for  SO  psi  sido-on  (Fig,  S.09),  The  door 
opening  Is  4  ft.  by  12  ft.  9  In..  This  letter  dimension  does  not  influence 
the  structural  design  of  the  door, 

(e)  Door  Doiiqn. 

Assuaw:  Effective  Spa.*;  48  In. 

Chert  7.01  indicates  that  e  thickness  of  flat 

steel  plate  1.2S  In.  thick  will  suffice, 
weighing  SO  lbs.  per  sq.  ft. 

Chart  7.07  indicates  e  section  modulus,  Z/b,  of 
0.36  In.^  Is  required. 

Reference  to  the  Design  Tables  of  Chapter  7  will  permit  the 
designer  to  choose  the  appropriate  section.  The  following  configurations 


Sec.  9.Q& 


mtm  •4lequet«: 


1.  Rollerf  l^sectlons  welded  flenqe  to  flange 
(Teble  7.05).  Lightest  possible  section  Is 
66S.S  which  provides  «  section  Modulus 
1.4S  end  weighs  25.9  lbs.  per  sq.  ft. 

2.  Structural  Tublne  (Teble  7.06).  2  x  2  it  0.154 
provides  a  section  Modulus  of  0.394  and  weighs 
21.9  lbs.  per  sq.  ft. 

3.  Plata  and  bean  section.  No  tables  are  provided 

for  direct  selection  of  plate  and  bpeM  doMblnatlons. 
building  one  up  with  plate  of  0.25  In.  thickness* 
Chart  7,02  Indicates  a  MSxlMtiM  distance  of  1.4  In. 
between  line  supports.  Ass'saa  this  to  be  center 
to  center  of  besMt,  I.e.*  neglect  the  support 
provided  by  the  beSM  flanges*  and  sssuem  the 
bcaais  to  be  8  Jr  6.5.  The  following  celculetions 
•re  required: 

S  -  I  -  4.7  In®  4  A  •  1.92  In* 


2  S  X  Shape  Factor  ^  4.7  x  1.0 
h  bean  spacing  14 


0.335  In*  <  0.36  In* 


Out  would  be  edequete  considering  the  contribution 
of  the  plete. 

Shear  ket I  stance  Cheek. 

W«b  Thickness  0.135 

Sheer  Aesistence  per  bean  **  x  depth  x  25,000 

-  0.135  X  8.0  X  25*000 
*  27,000  lbs. 

o  {shear)  ■ 

>  '  '  spacing  X  i  span 


27.000 

"  14  X  24  * 


$1  psi 


$«c.  9.06 


24S 


Plaxurai  R«sisfnc«. 

For  stability,  Halt  contributing  length  of 
i-l».  pUU  »o  ^  <  IT- 

Therefore,  b  «  17  x  0.25  *  4.25  In.,  and 
Effective  plate  width  -  4.25  2,25  -  6.50  fo. 

Coid>lnad  area  -  (6.50)  (0.25)  4  1.92  »  3.54  laj 
Therefore,  H.A.  occura  at  depth  where  1.77  tn.^ 
above  and  below: 


-  1.77  -  1.62  _ _ 

Assum  N,A.  at  plata-beaa  Interface 


tatS' 

(1.6 


Therefore,  ■  ]  (1.62  x  ♦  (1.92  x 
323,000  In. lb. 


4) j  42,000 


8  K  323.000 


60  psi 


» 


Therefore,  section  is  ade<|uate 

(b)  Boor  Track.  The  track  for  door  to  run  In  Is  tO'  be 
provided  by  a  wide  flange  section  cast  Into  the  side  wall  of  entrarveeway. 
for  active  pressure  there  is  no  problee  since  load  acts  down  through  the 
wall  end  this  Is  adequate. 

For  rebound  w#  aust  check  flange  of  section  used. 

Try  l0Wf33 

Passive  pressure  "  p^^  (for  rebound) 

Therefore,  load  per  Inch  of  beaa  •  x  SO  x  24  ••  600  Ib/in. 
NcMent  at  wob  fillet  ••  $00  x  2  in.  •  1,200  In.lb/ln. 

M 


I  for  10WF33, 


•  O.026S  1,’  ,.,.lr.d  I 


^  .  }  x,,0.^3^x. 0.433  ^  ^  ^  ^  ^^35  ,^3 

Therefore,  section  adequate 


i46 


S«c.  if,Q& 


Cc)  Sketch.  Figs.  9. IS  end  9.16  present  details  of  tbo 
door  and  track  design. 

2)  Hinged  Door  In  Corridor.  If  an  interlock  element  It 
desired  an  Interior  blest  door  mist  be  placed  in  the  entrance  corridor 
near  the* shelter  In  order  to  protect  those  in  the  shelter  in  the  event 
that  the  exterior  door,  e.g.,  at  the  ground  surface,-  Is  not  closed.  The 
design  provided  In  this  example  will  consist  of  a  swinging  dodr  opening 
outward  Into  the  entrance  tunnel.  The  door  is  to  be  placed  at  some 
position  along  the  final  section  of  the  corridor  so  that  the  support  for 
the  blast  which  the  door  suist  resist  will  be  provided  by  the  entrance 
corridor. 

In  order  for  the  door  to  be  out  of  the  way  of  the  flow  of 
traffic  It  Is  necessary  for  the  door  to  be  recessed  in  the  entrance 
corridor  wall  In  a  Mnner  such  as  shown  in  Fig.  9.17, 

Since  It  would  be  necessary  to  Increase  the  roof  span  of  the 
entrance  corridor  In  tbia  region,  adequate  resistance  eust  be  provided 
In  this  region.  Procedures  for  this  phase  of  the  design  are  provided 
in  other  peragrephs  of  this  chapter* 

.  («)  Poor. 

Peek  reflected  pretsure  et  door, 
p^  -  2  •  2  X  50  “  100  psi 

2  3 

froo  Chart  7^07,  the  requiredi'g  •  0.74  In 

Fro«  Table  7,06,  this  section  eodulus  Is  provided 
by  the  following  sections  of  hollow  structural 
tubing  connected  to  form  e  solid  door. 

3i  X  3i  X  0.156  23.6  Ib/ft,^  |  •  0.75 

4x6x0.106  23.8  Ib/ft.*  1-0.92 

o 

(b)  Hinge.  For  e  4  ft.  by  7  ft.  door  the  total  weight 
will  be  approxieetely  720  lbs.  including  hardMirc.  Since  for  this 
configuration  the  hinge  Is  not  called  upon  to  resist  any  of  the  blast 
load.  It  Gtust  be  designed  to  carry  only  tha  weight  of  the  door. 


Uc»  9.0&  2*7 

Th«  htns«  should  b«  provtdod  with  toflon  tl««v«t  and  bMrinj 
turfacas  so  that  corrosion  will  not  ba  a  problaa  and  •aintananca  will 
ba  a  Blnlaus. 

(c)  Scaling.  As  nenttonad  previously  tba  corridor  wall 
provides  support  for  the  positive  phase  blast.  Sealing  can  than  ba 
effected  nost  conveniently  by  a  passive  gasket  seal  attached  to  the  door 
or  to  the  s^^port  surfaces. 

(d)  Negative  Phase  or  Rebound.  Resistance  for  this  load* 
ing  Must  be  provided  by  soiee  systen  Inside  the  shelter  area.  The 
easiest  way  to  provide  this  support  Is  by  a  systea  of  sliding  bolts. 

I 

Negative  phase  or  rebound  ■  SO  pst 

Total  load  on  door  4d  In.  x  8*  In.  x  SO 
•  189.000  lbs. 


The  bolts  provided  should  not  undergo  peraanent  dafonutloo 
during  this  loading  and  should  therefore  be  proportioned  so  thst  the 
naxlMuei  shear  stress  does  not  exceed  20.000  pal. 

Required  bolt  area  ••  ^  10  In.* 

10  *  t;|  9  pins  will  be  wore  than  adequate 


These  bolts  (pins)  mist  be  supported  and  the  loed  resisted 
transHitted  to  the  door.  In  order  to  «eet  this  requlre«ient  end  to  evold 
local  distress,  en  attecheent  Is  required  on  the  Inside  face  of  the  door. 
The  thickness  of  this  ettechnent  Must  be  checked  to  wake  aure  that  it 
Is  adequate  In  bearing.  2 

0.6  fy  V*" 


.  0.6  «d 

'-rob  T 


0.35  d 


For  d  •  I.2S  In,,  t  •  0.44  In, 
Therefore,  use  ST  7  WF  at  42 
Ueb  thickness  -  0.451 


The  pins  will  slide  Into  the  wait  and  for  this  purpose  e  channel 
should  be  cast  into  the  wall  with  holas  drilled  approximately  1/8  In. 


oversize  to  accowaodste  the  pins  without  difficulty. 

Holes  are  alsd  required  In  the  $T  7  UP  to  accoMModate  the 
pins.  Slotted  hollow  tubes  nust  be  provided  to  heap  the  pins  In  posltloa 
for  activation. 

(e)  Sketch.  Fig.  9.18  la  a  cross-sectional  view  of  the 
door  and  Its  supporta. 

9.07  IHTEGRATiOM  OF  STRUCTURAL  ELEMENTS 

As  the  designs  In  Sections  9. OS  and  9.06  are  presented  solely 
as  an  Illustrative  example*  no  attempt  has  been  atade  to  provide  cocsplete 
structural  detallst  nor  to  provide  any  uniformity  of  steel  relnforceownt* 
These  details*  plus  ties  or  dowels  for  continuity*  must  be  considered 
In  the  final  design. 


Total  Popyloiion;  800  Per«ont 
Total  Areo  :  50  Acr<i 
Nomber  Of  SobOfetrt:  5 
Shelter  Locotloft;  Center  Of  Area  I, 


FIG.  9.01  HYPOTHETICAL  AREA  SERVED  BY  SHELTER 


J9d  suosjed  JQquiOM 
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Cose  Z  Orientotion 


►16,  9.05  preliminary  ENTRANCE  CONFIGURATION,  SECTION  B-B 


PLAN  VIEWf 


VERTICAL  SECTION 


Detonation  tWoret  Com! 

OPENING  AS  VIEWED 
FROM  POINT  I 


FIG.  9.06  DATA  REQUIRED  FOR  CALCULATION 
OF  SOLID  ANGLE  FRACTION  SUBTENDED  BY 
OPENING  AT  POINT  I 


Section  A-A 

(  Typical  Tronsverit  Siction 
Of  Ektarior  Stairway  Wall*) 


riG.  9,n  REINFORCEHEN/  IN  EXTERIOR  STAIRWAY  UAUS 


2£0 


Transverse  Section 


FIG.  9.12  REINFORCEMENT  IN  CORRIDOR  SECTIOM 


2(1 


Section  A-A 


FIG.  9.13  REIMFOftCEHCNT  IM  INTERIOR  STAIR  SECTIOM 


FIG.  9.U  RflHFORCEKENT  IN  LANDING 


(/> 


Ok 


.16  £XT£«tOR  DOOR  AKO  TRACK 


FIG.  9.17  RECESS  FOR  HINGED  CORRIDOR  DOOR 


S,t8  IKTE8I0R  DOOR 
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APPENDIX  A 

PROBABILITY  OF  DESTRUCTION  AN9  THE 
OESItti  OF  PROTECTIVE  STRICTURES 

Jt  T.  Hanley 

A.Ol  INTRODUCTION 

An  understanding  of  t>v»  concepts  of  probability  theory  is 
essential  to  a  thorough  understanding  of  what  1$  Involved  in  the  design 
of  structures  to  resist  attack  by  nuclear  weapoi\s.  It  is  Ii^>ortantt 
first,  to  recognise  that  in  the  design  of  conventional  structures  we  do, 

In  fact,  accept  so«»e  probability  of  destruction.  This  nay  be  done 
luicMlngly  as  in  the  case  of  earth  dans  or  unwittingly  as  In  tha  case, 
say,  of  a  departnent  store. 

There  are  forces  end  conditions  to  which  ail  conventional  struc* 
tures  nay  be  subjected  for  which  they  were  not  designed.  Every  year, 
hones  and  other  structures  are  destroyed  by  flood,  wind  and  earthquake 
forces  for  which  those  structures  were  not  designed,  and  the  question 
nay  be  asked,  '*Why  weren't  those  structures  designed  to  withstand  those 
forces?"  The  answer  is  that  it  Is  not  econonical  to  design  a  house,  for 
exenple,  to  withstand  the  maxinum  wind  forces  produced  by  e  tornado 
especially  since  the  probability  that  any  given  home  will  be  subjected 
to  such  forces.  Is  quite  small .  It  Is  literally  cheaper  to  accept  the 
probability  of  destruction  of  the  house  (and  even  the  possible  loss  of 
lives)  end  rebuild  those  destroyed  then  It  is  to  design  all  hones  as 
"cyclone  cellars." 

This  Judginent  is  not  often  made  knowingly  end  was  not  made 
specifically  by  engineers.  In  feet,  it  has  betn  suide  unconsciously  by 
the  society  as  a  whole.  If  eh  individual  wants  a  structure  designed  to 
withstand  maximum  hurricane  or  tornado  wind  force  he  can  get  it,  but  it 
will  cost  considerably  more  than  one  which  was  designed  in  a  conventional 
manner. 

In  some  areas  where  high  winds,  high  water  and/or  earthquakes 
are  common  occurrences,  the  building  codes  require  that  sente  resistance 
against  those  forces  be  designed  into  the  structure.  However,  even  In 


those  «ra«s  structures  «r«  seldoa  designed  to  withstend  the  jMxteuM  forces 
to  which  they  alght  be  si^Jected.  There  are  other  areas  la  the  country 
where  desoite  the  frequent  occurrence  of  dtstructlve  natural  forces  no 
provision  Is  nade  In  the  design  of  structure  for  those  forces.  In  these 
areas  the  basic  reason  for  not  doing  so  is  sleply  that  it  would  cost  too 
■Htch. 

In  the  design  of  protective  structures  the  fact  that  some  probe- 
billty  of  destruction  must  bo  accepted  Is  brought  out  Into  the  open.  The 
following  is  e  developosent  of  some  of  the  basic  concepts  Involved. 

A.02  THE  CIRCUUR  GAUSSIAN  DISTRIBUTION 

If  a  weapon  is  fired  at  a  target  the  probebllity  that  It  will 
land  within  a  given  range  of  the  aiming  (lolnt  may  be  determined  from 
probability  theory.  To  approach  the  problem  heuristlcly»  consider  a 
rifleman  shooting  at  a  target.  It  seems  reasonable  to  assume  that  ff  a 
rifleatan  were  to  shoot  at  the  target  a  large  number  of  times  the 
distribution  of  shots  about  the  bullseye  would  approach  the  normal  error 
distribution  on  any  diameter  through  the  center  of  the  target  (Tig*  A.01)« 
This  is  tantamount  to  assuming  that: 

1.  A  large  number  of  small  errors  are  present  In  any  single 
observetlon  (i.e.*  shot). 

2.  An  error  to  the  right  and  an  equal  error  to  the  left  of 
the  bullseye  are  equally  probable.  That  is»  there  is 
no  systematic  error  such  as  the  sight  being  off  which 
could  be  compensated  for  anyway. 

3.  The  probability  of  a  small  error  Is  greater  than  tha 
probability  of  a  large  error  in  a  given  shot. 

These  assumptions  are  not  always  valid*  but  thera  is  ampla  evi¬ 
dence  to  indicate  that  they  are  in  this  case.  From  these  assumptions 
the  so-called  Gaussian  distribution*  or  noraial  error  function*  was 
developed  which  has  tha  following  fora  (See  Ref.  A.Ol  for  development): 


r* 


See.  A.OZ 


tibere 


A*3 


h  «  «  function  of  th«  »t»ndard  deviation 
r  ■  the  deviation  froa  the  mean*  i.e.,  distance  from  the  buUs«y«. 

This  function  li  the  ball-shaped  di&tributlon  curve  shown  in 
Fiji.  A.01.  Note  that  the  curve  has  the  following  properties; 

1.  It  1$  syiiMetrical  about  the  I>axls. 

2.  The  maxifflum  ordinate  occurs  at  r  ■  o  and  has  the  value.  ~ 

•  r 

3.  Differentiating  the  function  twice  with  respect  to 
the  deviation  and  setting  the  second  derivative  equal 
to  zero.  It  is  thOM\  that  the  curve  has  points  of 
Inflection  at 


r  -1 


1 

h/2 


(2> 


If  we  make  one  more  aisvnption,  as  previously  Indicated,  that 
the  error  is  not  a  function  of  ^  (see  Fig.  A. 02),  then  the  probability 
that  a  shot  will  fall  within  a  circle  of  radius  r  stay  be  expressed  as 

P  f  J  **  dr  dO 
''*00 


(3) 


Integrating  first  with  respect  to  0 


p  u  Ih/a  J'  ^  dr 
0 


Th«»  wl th  respect  to  r 


.2  2 

-h  r  1  r 


2h‘ 


(♦) 


Sac.  A.0) 


To  evaluate  to  the  constant  "h**  It  la  necessary  only  to  note 
that*  by  definitloft*  the  probability  that  a  shot  will  fall  within  a 
circle  of  radius  r  Is  a  certainty»  or  I* 

Thus 

h  »>/* 
and 

2 

P  “  I  -  e"**^  (5) 

• 

The  probability  that  a  shot  will  fall  outside  of  a  circle  of 
radius  r  ds; 

2 

S  ■  I  -  p  ■  a”**^  (6) 

where  S  •  survival  probability 

A.03  A  POINT  TARGET  AT  THE  0«Z 

Let  us  define  tho  "radius  of  daxiage"  (R^)  to  be  that  radius 
from  a  given  yield  weapon  at  which  a  specified  ai&ount  of  damage  will  be 
produced  in  a  given  structure.  If  the  structure  is  assuced  to  be  at 
the  bullseye.  or  In  protective  construction  parlance,  if  the  structure 
is  assuoMd  to  be  at  the  designated  ground  zero  (0C2)  •  then  a  weapon  which 
falls  outside  of  the  circle  whose  radius  Is  equal  to  R^  cannot  cause  the 
specified  daouiga.  Conversely,  a  weapon  which  falls  Inside  the  circle 
whose  radius  Is  equal  to  R^  will  cause  at  least  the  specified  damage  to 
the  structure. 

However,  equations  (S)  ond  (6)  are  not  very  useful  In  tlie 
form  presented.  Both  equations  may  be  expressed  In  terms  of  the  circular 
error  probable  (C£P)  which  Is  defined  as  the  radius  within  which  SOX  of 
Che  weapons  fired  will  fall.  Obviously  the  CEP  varies  from  one  weapon 
system  to  another.  For  exaniple,  weapons  delivered  by  dive  bomber  will 
have  a  smaller  CEP  than  weapons  delivered  by  ICSM. 


S«c.  A.04 


Since 


W.S) 

jfn(0.5)  -  -«(CEP)* 


Further*  In  general: 

in{S)  « 

Dividing  equation  (8)  by  (7) 


in{S)  -  (^)  In(0.5) 


S  -  (0.5) 


h  * 


By  deflnltlowt  than 


p  -  I  -  (0.5) 


^  * 

'CEP^ 


Note  that  the  CEP  beara  a  stwMar  relationship  to  the  circular 
Gaussian  distribution  that  the  standard  deviation  does  to  the  nonail  error 
distribution;  both  the  CEP  and  the  standard  deviation  are  an;a3ures  of  the 
precision  of  the  systeai  Involved. 

A.04  EFFECT  OF  TARGET  OlHEhSIONS 

In  the  preceding  discussion  It  was  assuwed  that  the  target  struc¬ 
ture  was  a  polnc  at  the  06Z«  Since  structures  have  diisenslons«  how  reasonable 
Is  this  asswcptlon? 

Consider  a  structure  which  is  circular  In  plan.  For  such  e 
structure  the  probability  of  any  part  of  the  structure  will  be  subjected 
to  say  a  peak  pressure  sufficient  to  cause  soaw  specified  daaMged  to 
that  portion  nay  be  expressed  es: 

R .  +  R  2 
(-1 - *\ 

p  -  I  .  (0.5)  ^ 


$oc.  A.OS 


c5  for  ^ho  opcc  1  fiad  criterion 


«  radius  of  the  structure 


R.  2.  i.  2 

(tIs)  (1  +1^ 

p  -  1  -  (0.5)  *d 


It  is  apparent  that  ff  fs  Mil  the  probability  atay  reasonably 


be  e)(pressed  as 


* 

p  -  1  -  (0.5) 


Thus,  if  the  diMnslons  of  the  structure  are  satall  coKpared  to 
the  "radius  of  daiaage".  the  structure  nay  be  considered  a  point  target. 
It  is  also  iaportant  to  note  that  under  these  conditions  the  free-f|eld 
pressure,  themal,  neutron  and  gamM  flux  are  almost  constant  over  Cha 
range  represented  by  the  dimensions  of  the  structure. 

A.05  POIMT  TARGET  AWAY  FROM  THE  OGZ 

If  the  target  structure  Is  not  located  at  the  assumed  D6Z  the 
probability  of  destruction  may  be  calculated  by  evaluating  the  integral 


it  r 


/  /  "'•«> 


rdrdS 


0  0 


This  can  beCcoM!  a  considorabie  exercise  in  mathematics.  At  this  point 
it  Is  convenient  to  turn  to  a  graphical  solution.  Fig.  A.03  is  a  plot 
of  equation  (10).  Note  that: 

1.  The  center  Is  the  OGZ. 

2.  All  celts  within  the  22nd  ring  are  assigned  the  value 
of  0.001;  I.e.,  the  probability  that  a  twapon  wilt 
fail  in  any  one  of  those  cells  Is  1  In  1000. 

3.  The  sun  of  the  values  of  all  cells  shown  It  I.  or  certainty. 

4.  There  is  a  scale  In  units  of  CEP's  in  the  upper  right 
hand  cor«ier. 


,-i  ^'f^v’.'nivpvje-  ►ww?*!*  »*a*  g-a?-**  iT*.-“>!tsjt"* 


Se&»  iLOfi. 


S.  There  is  •  tebulation  by  ring  nuaber  of  the  itijaber  of 
cells  in  each  ennulus  and  the  total  number  of  cells 
inscribed  by  any  ring. 

To  use  this  figure,  It  Is  necessary  first  to  locate  the  target 
with  respect  to  the  D6Z.  This  Is  done  by  plotting  a  point  on  any  radius 
at  a  distance  d/CEP  from  the  origin,  where  d  is  the  distance  from  th* 
structure  to  the  assuned  DCZ.  Then  using  that  point  as  the  center  tnscribs 
a  circle  of  radius  h^/CEP  about  it.  The  probability  that  the  point  target 
will  be  destroyed  Is  the  sun  of  the  values  of  the  cells  Inscribed^ 

As  an  exant>Ia«  consider  a  structure  located  15,000  ft.,  frcoi  th« 
0(aZ.  A  100  psi  incident  overpressure  will  cause  soote  specified  amount 
of  damage  to  the  structure.  Assume  that  a  missile  facility,  located  at 
the  OGZ,  will  be  attacked  by  a  10  megaton  yield  weapon  delivered  by  a 
system  with  a  SOOO  ft.  CEP,  W'at  Is  the  probability  that  the  structure 
will  be  subject  to  at  least  ICO  pal? 

First,  the  structure  must  b«  located  on  any  radius  at  a  distance 
of  d/CEP  ••  3  from  the  OGZ,  as  shown  In  Fig.  A. 03.  Next  a  circle  whosm 
radius  Is  equal  to  R^CEP  "  7500/5000  •<  1.50  Is  drawn  about  the  targat 
structure  (the  range  of  100  psi  from  a  surface  burst  of  a  10  HT  weapon 
is  7500  ft.).  The  sum  of  the  values  of  the  cells  Inscribed  by  the  ctrct* 
so  drawn  Is  about  O.OZbS;  I, a.,  the  probability  of  receiving  lOQ  psi  or 
more  Is  about  2.65  In  100,  and  therefore  the  probability  of  not  recetvins 
such  pressures  Is  about  97,35  In  lOO. 

It  Is  apparent  that  for  any  facility  which  is  n/Jt  In  Itself  • 
target  for  attack,  dispersal  or  locating  the  facility  et  some  distance 
from  the  assuned  OGZ  will  reduce  the  probability  of  destriKtion  greatly. 
Specifically,  anytime 

CEP  "  CEP  - 

the  probability  of  destruction  Is  less  than  I  In  1000. 

A.06  LINE  TARGETS 

For  line  targets,  such  as  power,  coanunicatlons  and  water  tine*, 
tha  calculation  of  the  probability  of  destruction  is  relatively  a  simple 
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natter  graphically.  First*  plot  the  line  on  a  graphical  plot  of  tho 
circular  Gaussien  distribution.  Then  construct  lines  on  either  side 
parallel  to  the  target  line  at  the  distance  of  R^/CEP  and  count  the  cells 
rnscrfbed. 

An  example  is  shown  In  Fig.  A. 04*  where  it  is  assumed  that  a 
power  line  buried  at  an  average  depth  of  6  ft.  runs  into  a  point  target 
which  is  assumed  to  be  a  target  for  nuclear  attack.  Other  asstmptions 
are: 

1.  Weapon  yield;  10  MT. 

2.  Radius  of  damage;  1.5  crater  radii. 

3.  CEP;  6000  ft. 

For  a  10  HT  weapon*  l.S  crater  radii  Is  equal  to  about  1800  ft. 
Thus,  R^CEP  -  0.3. 

Cout\ting  the  cells  between  these  lines  It  Is  found  that  for 
those  assumptions,  the  probability  of  destruction  Is  about  0.20*  or  20X. 

In  this  case  some  Interesting  questions  might  be  asked.  First» 
what  design  overpressure  should  be  used  for  the  point  target  to  obtain 
an  equal  probability  of  destruction  for  the  target  structure  as  for  the 
incoalng  power  line?  This  might  be  a  logical  question  In  the  case  of  an 
unmanned  communications  facility  which  would  be  useless  without  power. 

By  Inspection  of  Fig,  A. 04*  the  circle  R^CEP  will  lie  between 
the  8th  and  0th  rings  (i.e.  total  Inside  8th  ring  is  0.175  and  total 
Inside  9th  ring  Is  0,222).  Therefore*  R^CEP  -  0.S9  end  R^  «  3540  ft. 
from  Fig.  2-7  of  Ref.  A. 02,  the  overpressure  associated  with  this  range 
from  a  10  NT  surface  burst  Is  about  700  psi.  Thus,  to  obtain  the  seme 
probability  of  survival  for  the  point  target  and  the  Incoming  power 
line,  the  target  structure  should  be  designed  to  withstand  700  psI. 

If  the  power  line  were  duplicated,  i.e.*  If  another  power  line 
were  brought  Into  the  structure  from  the  other  side,  what  is  the  proba¬ 
bility  that  both  will  be  knocked  out  by  the  same  weapon?  Since  both 
lines  terminate  at  the  OCZ  the  answer  may  be  obtained  analytically : 
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3.  the  CCP  the  weapon  system  is  3000  ft.. 

4.  the  center  line  of  the  first  flight  of  steirs  is 
perpendicular  to  the  lioe  from  the  0(a£  to  the 
shelter,  and, 

5.  the  worst  case  orientation  occurs  when  the  point  of 
detonation  can  be  seen  from  a  point  three  feet  above 
the  landing  at  the  bottom  of  the  first  flight  of  stairs. 

For  the  weapon  to  be  seen  from  this  point,  the  point  of  detona> 
tion  Bust  fall  within  an  angle,  ^  (variable).  In  the  horizontal  plane 
(Plan  View)  and  within  the  angle  (fl^  “  8^,  In  the  vertltal  plane  (Section 
B~B) .  Further,  the  slant  range,  R,  within  which  the  weapon  must  fall  is 
4600  ft. 

Ignoring  the  probable  error  In  burst  height  and  assuming  that 
the  weapon  has  a  probability  of  1  of  detonating  at  an  altitude,  HOB, 
between  the  liMits, 

MOB  •  R  cos  6, 


HOB  •  R  cos  Bj, 

an  upper  limit  to  the  probability  of  the  worst  case  may  be  obtained. 

The  projection  of  the  spherical  surface  defined  by  R,  0^, 
and  <P  on  the  horizontal  plane  may  be  plotted  on  the  graphical  representa¬ 
tion  of  the  circular  Ounssian  error  distribution,  if  the  orientation  of 
the  entrance  structure  ith  respect  to  the  OCZ  is  known. 

From  Fig.  A.05 

®1  •  4^5 


sin  0j  ■ 


-  0.407 


"(2)*  ♦  (4.5)^ 
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or 


p  •  1  >  0.9395  «  0.0605 
p  »  6  in  100 


Under  these  cunditions  the  structure  Mould  have  to  be  designed 
for  »  survival  probability  of  0.94  to  obtain  a  "balanced'*  design.  If 
it  is  not  feasible  to  design  the  structure  to  withstand  the  surface  burst 
at  a  distance  of  1.5  crater  radii  the  duplicate  power  line  cannot  be 
justified.  ^ 

A.07  THE  USE  Of  PROBABILITY  STUDIES  IN  OESICN 

As  implied  by  the  previous  probleio,  a  rational  approach  to  the 
design  of  protective  structures  would  require  that  the  probability  of 
"fai  lure"  in  various  'btodet"  be  balanced.  A  structure  might  withstand 
a  given  overpressure  and  fail  to  protect  its  occupants  against  prompt 
nuclear  radiation  for  example.  Or,  it  could  fail  In  other  ways  depending 
on  the  Mission  of  the  structure. 

Hoievor,  the  problem  of  balancing  the  probabilities  of  failure 
In  various  nodes  can  be  quite  coiplcx  because  the  various  effects  do  not 
scale  from  o<ve  yield  to  the  next  in  the  saa»c  way.  The  distance  for  a 
given  peak  pressure  scales  in  accordance  with  the  cube  root  of  the  yield 
while  proa^t  nuclear  radiation  scaling  is  considerably  okore  complicated. 
The  net  result  Is  that  as  a  practical  matter  in  design  the  structure  i$ 
generally  designed  first  to  resist  the  blast  effects  of  a  nuclear  attack 
and  then  investigated  to  deter»«nc  whether  tttc  shielding  afforded  Is 
adequate. 

It  has  been  cuslo’^ary  to  assume  the  *Vforst  ease*'  orientation 
to  determine  whether  the  shielding  afforded  is  adequate.  This  may  not 
always  be  justified,  for  cxanpie,  consider  the  entrance  structure  shown 
in  fig.  A. OS.  Assume  that! 

1.  the  shelter  is  designed  for  SO  psi  overpressure  and 
associated  affects  from  a  1  NT  weapon, 

2.  Che  shelter  is  iocated  at  a  distance  of  6000  ft. 
from  the  0G2, 
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3.  the  CEP  of  the  weapon  s/»te«  Is  3000  ft., 

4.  the  center  line  of  the  first  flight  of  stairs  U 
perpendicular  to  the  line  froea  the  OGI  to  the 
shelter,  and, 

5.  the  worst  case  orientation  occurs  when  the  point  of  . 
detonation  can  be  seen  from  a  point  three  feet  above  . 
the  landing  at  the  botton  of  the  first  flight  of  stairs. 

For  the  weapon  to  be  seen  from  this  point,  the  point  of  detona¬ 
tion  must  fall  within  an  angle,  <p  (variable),  in  the  horizontal  plane 
(Plan  View)  and  within  the  angle  (0^  “  ®|)*  In  the  vertical  plane  (Section 
6-B).  Further,  the  slant  range,  a,  within  which  the  weaport  must  fall  is 
4600  ft. 

Ignoring  the  probable  error  in  burst  height  and  assuming  that 
the  weapon  has  a  probability  of  1  of  detonating  at  an  altitude,  HOB, 
between  the  limits, 

HOB  •  R  cos  0, 


HOB  •  R  cos  6^, 

an  upper  limit  to  the  probability  of  the  worst  case  may  be  obtained. 

The  projection  of  the  spherical  surface  defined  by  R,  6^, 
and  on  the  horizontal  plane  may  be  plotted  on  the  graphical  representa¬ 
tion  of  the  circular  Guassian  error  distribution,  if  the  orientation  of 
the  entrance  structure  with  respect  to  the  0G2  is  known. 

From  Fig.  A.OS 

n  .2 

6,  m  ore  tan  -tt 
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Aof! 


•  arc  tan 
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R  sin  0^ 
CEP 


4600 

3000 


(0.945)  •  1.45 


d  6000 
CEP  "  3000 


These  data  are  plotted  in  Fig.  A.06,  from  which  an  upper  limit 
to  the  probability  of  the  worst  case  is 


fate* 


p  ■  0.003 

or,  the  probability  of  the  worst  case  is  about  3  in  1000. 

A  byproduct  of  this  procedure  is  the  obvious  conclusion  that 
if  a  logical  decision  can  be  made  as  to  the  location  of  the  OGZ,  the 
probability  of  the  worst  case  can  be  minimized  by  orienting  the  entrance 
so  that  the  opening  faces  in  the  opposite  direction. 

The  probability  that  the  structure  will  be  subjected  to  the 
design  overpressure  can  also  be  determined  graphically  assuming  that 
the  structure  is  a  point  target,  which  is  not  unreasonable  in  oKist  cases 


This  Is  iccoo^  1  i shed  sifaply  by  Inscribing  a  circle  of  radius  ggp  3000 

about  the  point  target,  *nd  counting  the  cells  elrcunscrlbed.  The 
probability  of  tbis  event  l& 

p  “  0.2 

or,  about  2  in  10. 

It  Is  apparent  that.  In  general,  the  probability  of  the  worst 
case  for  prompt  radiation  Is  small  compared  to  the  probability  that  the 
structure  will  be  subjected  to  overpressures  well  In  excess  of  the  design 
overpressure. 

If  the  procedure  outlined  were  employed  t.  attempt  to  balance  tha 
probabilities  of  exceeding  each  of  the  design  criteria,  it  would  become 
clear  quickly  that  a  different  "balance"  would  be  required  for  each  height 
of  burst.  Therefore,  a  "balanced  design"  in  the  general  case  is  simply 
not  possible.  This  Is  not  to  say  that  the  question  should  not  ba 
investigated  nor  that  probability  studies  are  useless.  Such  studies  oftafl 
bring  to  light  facts  which  are  not  as  Intuitively  obvious  as  the  fact 
that  shelter  entrance  structures  should  face  away  from  the  most  likely 
location  for  ground  zero. 
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APPENDIX  B 

ECONOMIC  CONSIDERATIONS  • 

It  Is  axiomatic  that  costs  are  as  Important  In  the  design  and 
construction  of  protective  shelters  as  In  the  design  and  construction  of 
any  other  type  of  building.  The  factors  affecting  the  total  cost  of  a 
protective  shelter  can  be  tabulated  as  follows: 

1)  Site 

(a)  Land  acquisition 

(b)  Availability  of  utilities 

(c)  Relocation  of  utilities 

(d)  Terrain  conditions 

2)  Materials 

(a)  Local  availability 

(b)  Austerity  of  finish 

(c)  Quality 

3)  Labor 

(e)  Simplicity  of  construction  details 

(b)  Prefabrtcatlon  of  coeiponents 

(c)  Use  of  unskilled  personnel 

d)  Site  or  Capacity  of  Structure 

5)  Multi-purpose  Use 

6)  Inter-relation  of  Compoaents 

7)  Degree  of  Protection 

The  effect  of  most  of  the  preceding  factors  upon  the  total  cost 
Is  obvious.  Consequently,  the  only  factors  discussed  herein  will  be  those 
whose  effect  either  Is  not  obvious  or  is  somewhat  different  from  that  In 
conventional  building  designs. 

One  of  the  most  significant  econonic  differences  between  conven¬ 
tional  building  design  and  protective  shelter  design  results  from  the 
Inter-rolatlonshlp  or  Inter-dependency  of  the  components  of  a  protective 
shelter  system.  This  difference  is  particularly  significant  when  radiation 
shielding  Is  concerned> 

The  total  dose  received  by  a  detector  In  the  Shelter  Is  the  sum 
of  the  proMpt  and  residual  doses  received  through  both  the  entrancewwyt 


and  the  shelter  proper..'  This  can  best  be  shown  diagranwattcatly  as 
follows: 

AILOV/ABLE  TOTAL  dOSE 


Entrance  Systea 


Shelter  Proper 


Proapt 


Neutron 


Gaoaia 


Residual 


Ganna 


Prompt 


Neutron  Caana 


Gaiwu 


Since  there  are  no  limiting  doses  from  the  Individual  Contrlbu<* 
tionsi  there  are  an  Infinite  number  of  combinations  of  the  various  contrlbuttoni 
whose  sum  will  e<)ua!  the  total  allowable  dose.  Thus  the  shelter  designer 
(Wist  balance  the  costs  of  the  various  components  and  their  shielding 
capability.  He  may  find  that  It  Is  less  expensive  to  place  more  fill 
over  the  shelter  proper,  thereby  reducing  that  contribution,  than  It' Is 
to  reduce  the  entrance  coiitrlbutlon  by  bends,  barriers  or  other  means. 

The  designer  may  find  that  the  cost  of  a  surface  door  to  keep  fallout  from 
entering  the  stairwell  Is  less  expensive  than  an  extra  bend  In  the  corridor 
or  that  the  reduction  of  radiation  due  to  the  surface  door  Is  sufficient 
to  permit  a  greater  contribution  through  the  shelter  proper  with  the 
consequent  need  for  less  overhead  fill. 

The  economic  balancing  of  the  various  components  of  the  total 
shelter  system  Is  essential  If  least  cost  Is  to  be  realized.  While  the 
individual  costs  of  the  various  components  can  not  be  isolated  as  far 
as  radiation  protection  Is  concerned.  It  Is  possible  to  estimate  the 
dollar  cost  per  rad  (dose)  for  the  various  components,  l.a..  $/Rad  for 
corridor,  for  90^  bend,  for  overhead  mass  thickness.  Such  cost  computa¬ 
tion  for  a  specific  shelter  will  facilitate  the  determination  of  the  most 
economical  proportion. 


B-3 

Since  the  costs  of  the  structural  elements  are  less  inter-reiated 
than  the  radiation  attenuation  elements*  the  structural  costs  of  the 
components  may  be  more  readily  isolated.  For  Instance*  the  cost  per  foot, 
of  door  wiii  be  least  for  an  exterior  horizontal  flush  door.  The  cost 
per  foot  of  doOr  increases  with  the  angle  of  Incidence  due  to  the 
Increased  reflected  pressure.  The  total  door  cost  depends  nut  only  upon 
the  cost  per  foot*  but  the  length  of  door  as  well.  Thus*  since  the  length 
of  the  horizontal  door  Is  the  greatest,  it  is  necessary  to  make  total 
actual  cost  con^arisons. 

in  conventional  building  design  It  ts  coomon  practice  to  reduce 
the  total  cost  by  using  less  expensive*  but  structurally  adequate, 
materials,  it  is  presumed  that  austerity  ts  the  watchword  In  any  shelter 
design.  Thus*  a  designer  has  little  opportunity  to  reduce  the  "frills** 
and  thereby  reduce  the  eventual  cost.  This  Is  particularly  true  when 
the  entrance  structure  alone  Is  considered. 

The  designer  must  always  bear  In  nind  that  least  cost  comparl* 
sons  are  valid  only  when  the  designs  compared  offer  the  sente  degree  of 
protection  or  safety.  Thus,  while  a  wider  entrance  structure  nvay  be  more 
economical  than  two  narrower  entrance  structures  with  the  same  total 
capacity  and  radiation  protection  as  the  larger  structure,  the  extra 
door  has  an  added  safety  advantage  as  an  emergency  escape  route. 

Unfortunate’y*  there  are  no  hard  and  fast  rules  that  can  be 
established  to  insure  mlnimuM  cost.  The  final  decision  can  be  made 
only  when  least  costs  are  evaluated  with  the  Intangibles  that  do  not 
lend  themselves  to  actual  costing. 
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APPENDIX  C 

SOLID  ANGLE  AND  SOLID  ANCLE  FRACTION 


C.OI  SOLID  ANGLE 

The  solid  angle  Is  a  ineasure  of  the  field  of  view  occupied 
by  an  object  or  a  surface  In  space  as  seen  from  some  specified  point  In 
space  whose  position  Is  fixed  relative  to  that  object  or  surface.  Bn 
solid  geometryt  the  solid  angle  Is  measured  In  steradlans  and  nay  be 
defined  as  the  area  subtended  on  the  surface  of  sphere  of  unit  radius 
by  the  object  or  surface. 

Q  »  A;  vdtere  Q  ■  the  solid  angle 

A  «  the  area  subtended 
2 

(or  n  -  A/r  ;  If  sphere  Is  of  radius  r) 

Consider  twa  spheres  of  any  radius  at  some  distance,  d,  apart* 
as  shown  In  Fig.  C.OI.  As  seen  fron  the  center  of  sphere  A,  sphere  I 
win  Inscribe  a  circle  on  the  surface  of  sphere  A.  The  total  number  of 
steradlans  comprising  the  surface  of  sphere  A  Is  0^  - 
sterad.  The  area  A,  subtended  on  the  surface  of  tha  sphere  A  by  sphera 
may  be  computed  from  the  following  expresslont 


■n 


r‘  sin  0  d  0  d  • 


0  o 


where  0  and  «  are  polar  coordinates  defined  as  shown  In  Fig.  €.02, 
Integrating  first  with  respect  to  ♦, 


A  •  2*r' 


I  /'® 
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0  d  0 


Then  with  respect  to  0, 
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A  •  2«r 


A  -  2Kr 
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1^1  -  cos  0^ 


.u[.. 


cos  0j,  for  the  case  Indicated. 


Thus 
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Kote  that  the  same  expression  Is  derived  regardless  of  the 
value  of  r;  therefore,  0  Is  the  surface  area  subtended  on  a  unit  sphere 
(r  -  1). 

C.02  SOHO  ANGLE  FRACTION 

For  various  practical  reasons.  In  radiation  shielding  a 
different  measure  of  the  field  of  view  occupied  by  any  object  or  plane 
is  used.  The  solid  angle  fraction  Is  defined  as  follows: 


Therefore,  the  solid  angle  fraction  subtended  by  the  sphere 
8  on  the  sphere  A  Is 


<D  “  I  -  cos  6 


The  solid  angle  fraction  subtended  by  a  plane  rectJwgular 
surface  which  Is  so  located  In  space  that  a  perpendicular  through  Its 
centroid  passes  th,~ough  Che  center  of  a  sphere  of  unit  radius  (sea 
Fig.  C.03)  may  be  computed  by  the  following  expression: 


<u 


-  f  tan*'  .j 

’•nyn^  +  ♦  H 


where  e  •  ^  -  eccentricity  ratio 


27 


n  »  ••  normality  ratio 


V  ••  short  dimension 
L  w  long  dimension 

Z  •  perpendicular  distance  fro**  plane  of 
Interest  to  center  of  '*unlt"  sphere 

See  Chap.  VH,  Art.  41,  p.  68,  Ref.  6.01. 

A  chart  for  the  solution  of  the  above  eguatlon  Is  presented  In 


Ref.  6.02 


sphere  A 


C-«. 


Where; 

W  =  Short  Dimension. 

L  =  Long  Dimension. 

Z  =  Perpendicular  Distance 
From  Plane  Of  Interest 
To  Center  Of  “Unit**  Sphere. 


FIG.  C.03  SOLID  ANGLE  FRACTION  SUBTENDED  8T  A  PUNE 
RECTANGULAR  SURFACE 


See.  ff.ei  »-l 

APPENDIX  0 

POSSIBLE  RADIATION  HAZARD  RELATED  TO  THE  USE  OF  ALUMINUM 
BLAST  DOOR  IN  SHELTER  ENTRANCEWAY 

A.  Chilton 

0.01  INTRODUCTION 

There  Is  a  possibility  of  using  an  aluminua  blast  door  for  a 
nuclear  shelter*  presunably  at  the  end  of  the  corridor  ‘oAilch  comprises 
the  entranceway  ^nd  leads  Into  the  shelter  space  proper.  The  question 
exists  as  to  the  effect  of  such  a  door  from  the  radiation  point  of  view* 
since  It  Is  conceivable  that  the  Interaction  of  the  neutron  radiation 
with  the  door  lasy  under  certain  cl rcuustances  create  leore  of  a  radiation 
hazard  than  would  exist  without  the  door. 

It  Is  difficult  to  give  a  pi'ecisely  accurate  quantitative 
analysis  of  the  situation  because:  (1)  It  will  depend  somewhat  upon  a 
precisely  defined  configuration  of  the  structural  elements  and  a  detailed 
specification  of  the  materials  of  construction  for  all  eieisents; 

(2)  the  precise  distribution  of  neutron  energy  and  direction  at' each 
point  In  the  system  Is  most  difficult  to  obtain  analytically.  If  not 
practically  Impossible.  However,  It  Is  believed  that  by  making  reasonable 
assumptions  and  some  simplifying  Idealizations  In  the  situation*  a 
definite  answer  to  the  basic  question  can  be  correctly  obtained. 

It  is  assumed  that  the  shelter  consists  of  an  entranceway 
corridor,  consisting  of  two  or  more  legs,  leading  Into  a  shelter  of 
several  hundred  persons  capacity  through  a  do..i><ay  of  dimensions  about 
3.5'  X  7’.  At  this  doorway  Is  located  a  blast  door  which  eay  consist  of 
an  aluminum  with  thickness  on  the  order  of  an  Inch,  with  possibly 
some  sort  of  strengthening  framework  (whose  effect  can  largely  be 
ignored  from  the  radiation  point  of  view).  Two  Idealizations  of  the 
situation  stK)uld  be  considered,  as  Illustrated  In  Figs.  D.OI  and  D.02. 
These  represent  tw  extremes  from  the  radiation  point  of  view,  In  that 
Fig.  0.01  represents  cases  In  which  the  bulk  of  the  radiation  may  be 
considered  penetrating  the  door  In  a  direction  approximately  normal  to 
It;  whereas  Fig.  D.02  represents  cases  In  which  the  largest  component 
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of  the  radtatton  nay  be  considered  penetrating  the  door  with  a  rather  extreae 
slant  angle  of  incidence. 

It  can  be  seen  that  both  of  the  cases  assume  that  radiation  passes 
doMv  the  entrance  passageway  In  a  somewhat  coilitnated  beam  along  the  passage¬ 
way.  This  is  believed  to  be  a  reasonable  assumption,  although  no  expertmsntaf 
data  on  neutrons  are  known  sdilch  have  demonstrated  this  conclusively. 

Also  it  will  be  seen  that  no  knowledge  Is  required  of  the  neutron 
field,  either  outside  the  shelter  or  within  the  entranceway.  All  that  is 
necessary  to  assuine  is  that  the  neutron  flux  Is  sufficient  to  provide  a 
possible  hazard  in  the  shelter.  The  analysis  will  be  concerned  with  the 
problem:  given  an  arbitrary  flux  of  neutrons  incident  on  the  doorway,  would 
the  hazard  Inside  the  shelter  be  decreased  or  increased  by  the  presence  (as 
contrasted  with  the  absence)  of  an  aluminum  slab  door?  In  case  the  hazard 
Is  increased,  the  question  will  also  be  discussed  as  to  whether  an  aluminun 
door  Is  any  vorse  than  a  steel  door  in  such  respect, 

0.02  THERMAL  NEUTRONS  NORMALLY  INCIDENT 

i)  interaction  Probabilities.  The  microscopic  cross-sections  for 
themai  neutrons  on  alumlnuM  are  taken  to  be  (Refs,  0,01  and  0,02): 

«  0,2iS  barns  (I  barn  «  10"^^  c«^) 

a  -  1.4  barm 
Oj  »  i.6lS  bams 

One  obtains  the  macroscopic  cross-sections  by  multiplying  the  above  values 
by  N.  the  number  of  atom  per  cubic  centimeter,  where 

6.024  X  atoms  2.7  m. 

2  ?  *  cm^ 

“  6.024  X  10**  atoas/cm^ 

-  1.295  X  I0“*  cm”* 

-  8.43  X  lO"*  cm** 


Thus 
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-  9.73  X  10**  c«*' 

2 

Assume  I  neutron/cra  fncldetit  noraally  upon  the  aluntnum  door  of 
thickness  T»  where  T  Is  of  the  order  of  1  Inch  or  less.  It  is  to  be  noted 
that  the  mean-free-path  of  a  thermal  neutron  In  aluminum,  the  reciprocal 
of  E^,  Is  10.3  cm.  Thus  T  Is  much  less  than  a  mean^free-peth;  and  one  may 
consider  that  the  probaht llty  of  two  or  more  collisions  In  the  aluminum  Is 
negligible.  Hence,  the  single  collision  calculation  Is  approximately  valid. 
One  finds  then  that: 

1.  the  number  of  thermal  neutrons/ca^  absorbed  Is  1.295  x  10*^  x  T; 

2  ••2 

2.  the  number  of  themal  neutrons/cm  scattered  is  8.43  x  10  x  T; 

3.  the  number  of  thermal  neutrons/cm*  having  some  sort  of 

“2 

Interaction  Is  9.73  x  10  x  T« 

Note:  T  Is  In  centimeters. 

The  effect  of  small  percentages  of  alloying  elements  and  Impurities 
In  the  aluminum  Is  considered  negligible. 

2)  Gamma  Photons  Resulting  from  Themnal  Neutron  Absorption  by 
Aluminum.  A  number  of  Investigators  have  studied  this  particular  question 
(Refs.  0.03,  D,04,  O.OS),  using  different  techniques.  The  results  they  get 
tend  to  complement  one  another,  but  vdiere  they  overlap  are  not  entirely 
consistent.  One  Is  left  with  the  problem  of  making  a  judgment  as  to  the 
precise  division  of  energies  among  the  various  energy  bands  of  the  gamcsa 
spectrum.  As  an  aid  to  this  judgment,  there  is  the  ruie  (see  Ref.  O.Ua/'* 
that  the  sum  of  the  products  of  gamma  photon  must  be  apprcximatsly  equal 
to  the  value  of  Che  binding  energy  of  the  neutron  which  has  been  C8pturev| 

In  the  case  of  Che  Ai^^  (n,gd«nm)  Al^®  reaction,  the  binding  energy  of  the 
neutron  Is  known  rather  accurately  to  be  (Ref,  0.03)  7.724  KeV.  The 
estlomted  nuihber  of  photons  in  each  energy  band  Is  given  In  Tabic  O.Ot. 

The  tissue  absorbed  dose  caused  by  these  photons  resulting 
on  the  avei-aqe  from  a  single  thermal  neutron  capture  In  aluminum  Is 
determined  as  follows: 


ft-4. 


$«c.  D.02 


Dose 


(rads)  “  ^  (Energy  fiMX,  HeV/oe^)  x  (1.602  x  lo”^  ergs/MeV) 


X  (Energy  mass  abs.  coef.  for  tissue)  caVs*) 


X  (O.OT  garads/erg) 

-  1.602  x  10“®^  .fif  P^t,  .Me»  ^  ^ 


4*R‘ 


m en-tlss. 


) 


'■\ 


0.1275  x.lO*®  (1/R*)  ^  (Photon  Energy) (Intensity) 


en-tlss.^* 


where  R  Is  the  distance  in  centimeters  from  the  point  of  photon  ealsston  to 
the  point  of  dose  measurement.  The  computation  of  the  suemation  over  energy 
Is  given  In  Table  0.01. 
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It  Is  to  be  noted  that  the  ganaa  rays  appearing  from  the  Al 
(tiigamias)  Al^^  reaction  are  not  the  only  gamma  ray  hazard.  Al^^  Is  Itself 
radioactive  and  decays  by  emission  of  a  1.8  HeV  gamma  ray*  with  a  half** 
life  of  2.3  minutes.  This  radiation  is  also  included  In  the  calculation 
given  In  Table  0.01. 

It  Is  now  readily  determined  that 


0(R)  -  0.1275  X  10*®  X  19.62  x  lO'W 
-  2.50  X  10*’ W 

3)  Calculation  of  Total  t4jtgard  Caused  by  Thenpal  Neutrons,  It  It 

2 

necessary  first  to  convert  neutron  flux  In  neutrons/cm  to  tissue  absorbed 
dose.  Usually  It  Is  considered  necessary  to  determine  the  biological  dose 
In  rems,  by  first  determining  the  physical  absorbed  dose  in  rads  and  then 
multiplying  by  the  RBE  ("relative  biological  effectiveness")  of  thetvMl 
neutrons,  in  the  problem  undertaken  here  conversion  from  rads  to  rems  Is 
not  coi>sidcred  necessary,  since  the  RBE  will  be  taken  as  unity  for  neutrons 
of  all  energies  as  well  as  for  gamma  reys.  (The  use  of  a  higher  RfiS  for 


PS.^ 


i 
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neutrons  Is  custoaary  for  peacetlsw  pu;rposes,  aJnce  a  degree  of  conservattsa 
Is  required  to  cover  the  uncertainties  In  the  precise  biological  effects 
of  neutrons  ini  to  cover  variations  In  the  relative  effects  for  different 
biological  synptoaa.  For  emergency  wartime  conditions*  this  degree  of 
conservatism  Is  undesirable;  and  Ref,  D.07  (paragraph  11.88}  recoeseends 
that  unity  be  used  for  overall  prompt  casualty  producing  effects.) 

Snyder  and  Nocfeld  (Ref.  0.08)  give  a  converstom  factor  of 
4.0  X  10*^^  rads  for  a  normally  Incident  thermal  flux  of  T  neutron  per  cn^. 
(See  also  Ref.  0.09) 

It  Is  now  possible  to  compute  the  absorbed  dose  within  the  shelter 
with  little  further  ado.  First;  one  should  consider  the  reduction  In  the 
hazard  from  the  Initial  beam,  caused  by  the  rea»val  of  neutrons  from  It, 
either  by  scattering  or  absorption,  if  the  beam  Is  essentially  straight* 
the  reduction  In  absorbed  dose  is: 

-  ““ 

-  3.89  X  10"”  T  rads 

Kext,  one  should  consider  the  hazard  from  the  thermal  neutrons 
hhich  are  scattered  by  the  atuninua  etoms.  It  may  be  assumed  that  the 
scattering  Is  Isotropic.  For  each  square  centliaeter  of  door  area,  the 
thermal  neutron  flux  resulting  from  the  scattering  is,  at  distance  of  R 
centimeters, 

F(R)  -  8.43  X  lO"^  T/4wR^  -  0.671  x  lO"^  T/R*. 

The  dose  In  rads  at  distance  R,  as  a  result  of  these  scetterod  neutrons  Is: 

Oj  •  0.671  X  lO"^  T  X  4.0  X 

-  2.68  X  lo"”  r/i? 

If  the  distance  of  the  point  of  Interest  from  the  door  Is  of  the 
order  of  or  lerger  than  the  larger  dimension,  say  8*  or  over,  the  door 
may  be  approxlmitely  considered  as  a  point  source  of  A  neutrons/cm^,  vdvere 

j 

A  Is  the  area  of  the  door  In  cm  .  Then* 
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0.(A)  -  2.68  X  10“*^*  T  A/R* 

5 

-  2.68  X  I0“'^  V/R^, 

where  V  ts  the  door  voluae.tn  cubic  centimeters. 

Finally,  one  should  compute  the  absorbed  dose  caused  by  the 
thermal  neutron  capture  gamma  rays.  From  previously  detemlne^I  data  we 
cap  see  that: 

0,  -  1.295  X  10"^  T  X  2.50  x  I0"’°/R^ 

A 

-  3.24  X  T/R 

Just  as  In  the  case  of  scattered  neutrons,  at  a  distance  of  say  8*  or  more, 
we  coay  consider  the  door  as  a  point  source  having  A  neut rons/caf^  Incident 
on  It,  and  find 

0^(A)  «  3.24  X  10’’^  V/R^ 

A  more  accurate  method  of  computing  the  radiation  level  at  smalt 
distances  from  a  rectangular  source  can  be  used  to  give  correction  factors 
to  the  above  expressions.  The  following  correction  factors  apply  to  the 
eguaClons  above  for  D  (R)  and  0  (R).  as  detertalned  from  Ref.  D.IOt 

9  « 

Olstance  Corr.  Factor 


17.5* 

.98 

8 

.92 

3.S 

.74 

1.75 

.46 

0.8 

.19 

4)  Specific  Examples.  The  Situation  can  be  brought  hoows  most 
clearly  by  a  couple  of  examples. 

Example  I.  Consider  the  absorbed  dose  8'  from  the  center  of 
the  3  1/2'  K  2*  X  I"  alumlnura  door  In  the  shelter,  as  compared  to  the 
dose  that  would  occur  If  no  door  were  present.  Assume  one  thermal  neutron 
per  square  centimeter  incident  normally  upon  the  doorway. 
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The  dose  level  without  the  door,  as  previously  given.  Is 
400  X  10'^^  rads,  under  such  circumstances. 

The  reduction  In  dose  when  the  door  Is  present  Is: 

-  -  3.89  X  lO"**  X  2.54  -  98.5  x  lO"**  rads 

The  additional  dose  due  to  scattered  thermal  neutrons  and 
capture  gaama  rays  I&t 

0  4.  0  «  0.92  X  (2.68  -f-  T.241  x  I0“*^  x  2.54^  x  42  x  64 
*  *  (8  «  30.48)* 

■  5,3  X  lo"'*  reds 

Thus,  the  dose  level  with  the  door  present  would  be  (400  -  99  4-  S) 

“12 

X  10  rads,  or  306  rads.  This  represents  a  reduction  of  about  23%. 

Example  2.  Repeat  Example  I,  with  the  distance  froai  tho 
center  of  the  door  0.8' . 

The  original  dose  level  without  the  door  Is  the  sjuae,  400  x  10**^* 

rads. 

The  reduction  In  dose  Is  the  same,  99  x  10**'^  rads. 

The  additional  dose  due  to  scattered  thermal  neutrons  and  capture 
goona  rays  Is 

0  +  0  -  0«i9  X  (2.68  +  3.24)  x  lo"’*  k  2.54^  x  42  k  84 
^  •  (0.8  X  30.48)* 

-  109  X  10"’*  rads. 

Thus,  Che  dose  level  with  the  door  present  would  be  (400  -  99  +  109) 
“12  -I? 

X  10  rads,  or  4i0  x  iO  rads.  This  represents  an  increase  of  about  2.5%. 

0.03  FAST  NEUTfiOKS  hORHftlLY  IKCiCENT 

*)  Goperai .  For  neutron  energies  above  themol,  the  capture 
cross“$ecCion  leading  to  gamma  emission  Is  very  snail;  and  this  effect 
may  be  Ignored,  At  Interwedlate  energy  ranges,  the  interaction  of  neutrons 
with  aluminum  is  alnost  entirely  elastic  scattering;  and,  as  has  been 
indicated  Jr\  the  previous  section,  this  can  only  have  the  effect  of  diffusing 
a  coiliaated  beam  and  thus  reducing  the  radiation  level  within  the  beaM 
path  beyond  the  door. 
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For  neutron  energies  froQ  about  2  HeV  up  to  and  well  beyond 
14  HeV.  there  Is  appreciable  Inelastic  scattering  of  the  neutrons,  with 
the  emission  of  gamma  rays  representing  the  difference  In  energy  between 
Incident  and  scattered  neutrons.  This  then  Is  a  region  v^lch  should  be 
analyzed  In  a  fashion  simitar  to  that  for  the  themal  neutrons. 

The  cross-sactlons  within  this  range  are  not  known  very  precisely, 
especially  for  Inelastic  scattering;  however,  they  do  not  vary  widely  with 
energy,  it  Is  reasonable  to  assuma  the  following  values  for  microscopic 
cross-sections  (Ref.  D.02): 


2.S  MeV 

14.0  KeV 

®el. 

2.15  barns 

0.7  barns 

®ln. 

0.35  barns 

0.8  barns 

fly 

2.5  barns 

1.65  barns 

The  neutron  absorbing  and  particle  producing  reactions  have  rather  low 
cross-sections  In  this  range. 

Tbs  gaoma  rays  resulting  froa  the  Inelastic  scattering  may  have 
energies  of  0,85  KeV  or  higher.  For  neutron  energies  high  enough,  up 
to  N  HaV,  the  rays  way  hav«  enargles  up  to  S.4  MeV,  The  residual 

neutrons  will  have  energies  averaging  around  1  KeV;  and  for  sufficiently 
high  energy  Incident  neutron  energy  the  scattered  neutrons  will  have 
energies  of  O.S  to  4  HeV  (Raf.  0. II), 

The  macroscopic  cross-sections  corresponding  to  the  above 
microscopic  cross-sections  are 

2,5  HeV _  _  r4,0  KeV 

12.9S  X  cm"’  4.22  x  lo"^  cm"’ 

2.11  X  lO"^  cm"’  4.82  x  lO"^  cm*’ 

15.06  X  lO"^  cm"*  9.94  x  lO"^  cm"* 

These  data  are  directly  usable  for  obtaining  the  noc&er  of  Interactions  of 
neutrons  with  the  door.  For  example,  for  a  door  of  thickness  T  (on  the 
order  of  I  Inch  or  less}.  . with  one  l4»KeV  o«utron/ca^  Incident  normally  On 


el. 


•  n. 


It, 
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!•  the  ntMiber  of  neutrons  elasticetly  scattered  per  ca^  is 
4.22  X  10“*  T; 

2.  the  minber  of  neutrons  Inelastically  scattered  per  ca^  Is 
4.82  X  I0“*  Tf 

3.  the  ntatber  of  neutrons  reaoved  froa  the  original  beaa  per 
ca^  Is  9.94  X  lO'*  T. 

2)  Flux  to  Dose  Conversion  for  High  Energy  Neutrons.  Snyder  aad 

Neufeld  (Ref.  O.Od  and  Ref.  D.  12.  Chapter  2)  give  the  following  values 

2 

of  the  tissue  absorbed  dose  In  rads  for  a  flux  of  I  neutron  per  ca  : 


2.4  X  10“® 
3.8 


One  «^y  assutce  by  extrapolation  that  the  value  for  14  KeV  fs  also 
7.0  X  10"^. 

it  might  b«  noted  that  the  absorbed  dose  per  neutron  Is  not 
quite  so  dependent  upon  the  neutron  energy  as  In  the  case  of  gaasaa  rays, 
A  reduction  of  neucion  energy  by  Inelastic  scattering  fro«.  say.  IQ  MeV 
to  I  HeV  serves  to  reduce  Its  tissue  dose  only  by  a  factor  of  two. 

3)  Calculation  of  the  Total  Hazard  frow  High  Efiergy  Keutrons. 
(a)  The  reduction  In  dose  due  to  the  flux  of  the  Incident 
beaa  is  readily  covputed.  assuming  one  neutron  per  ca  incident*  and 
considering  a  door  T  ca.  thick. 

For  2,S  KeV  neutrons; 

•CD.  -  15.06  X  i0“^  X  T  X  4.3  X  lO”® 

inCm 

-  64.8  X  lO’”  T. 


0-10 


s«c.  o.oa 


For  14  MeV  Neutronsi 


inc. 


-  9.94  X  10'^  X  T  X  7.0  X  I0‘® 


•n 


-  69.6  X  10  ' ■  T. 

(b)  In  the  lack  of  l.nforaatton  to  the  contrarY*  ft  Is  usually 
assuieed  that  Inelastic  scattering  at  these  energies  Is  Isotropic.  For  the 
purpose  of  this  paper  the  assumption  Is  quite  adequate.  For  Inelastlcally 
scattered  neutrons,  the  hazard  for  each  unit  area  of  the  door  Is  as  follows. 

For  2,5  HeV  neutronst 

2.Hx  10"*  X  T  X  3.8  X  10‘® 

0  - - f - 

0.638  X  lO""  T 

••  . . *  11  ■  1 1  I  ■  ■ 


If  the  point  of  dose  determination  is  sufficiently  far  frow  the 
door,  the  door  can  he  considered  as  a  point  source,  and  thus  for  a  door 
of  area  K 


0^(A) 


0.638  X  lO"^*  T  A 


0.638  X  10"**  V 


For  14  KeV  nButroos; 


- 


4.82  X  1Q~*  X  T  X  3,9  x  lo'^ 
4x8* 

1.46  X  10"^^  T 


and 


0j{A)  - 


1.46  X  lo' 


■II 


.2 


(c)  The  effect  of  the  gaiww  rays  resulting  from  Inelastlcally 

Scattered  neutrons  cannot  he  described  with  preciseness  because  of  lack  of 

exact  knowledge  as  to  the  physical  data  for  this  etfcct,  hut  for  the 

purposes  of  this  paper,  one  iwy  assui-e  the  following. 

For  2.5  KffV  neutrons:  the  resulting  gaeww  rays  have  an  average 

•  I 

mass  energy  absorption  coefficient  of  0.03  cm  . 

For  1 4  HeV  neutrons;  the  resulting  gamt-a  rays  have  an  average 

■•I 

MSS  energy  absorption  coefficient  of  0.02  aa  . 
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It  will  also  be  assuoted  that  the  ganwa  rays  are  isotropfcally 


enitted. 


In  similar  fashion  to  the  development  In  Sec.  0.02,  one  aay 
obtain  for  the  gamma  rays  the  following  results. 
for  7.5  HeV  neutrons!; 

0.1275  X  10~^  X  2.11  X  10~^  x  T  x  1.5  x  0.03 


0J2!x  10“”  T 


For  the  total  door,  we  have  that 

0  (A)  V 

For  14  FkV  neutrons; 

„  0.1275  X  10“®  X  4.82  x  10~^  x  T  x  13.0  X  0.02 


1.60  x  1Q“”  T 


0^(A) 


1,60  X  10“”  V 


(d)  At  these  energies,  a  large  proportion  of  the  elastic 
scattering  Is  diffraction  scattering  and  It  Is  conservative  to  consider 
that  all  of  It  is.  The  angular  distribution  can  be  computed  theoretically 
to  give  results  c^ich.  If  adjusted  to  experimental  data,  will  give  rather 
precise  Information,  for  these  energies,  the  distribution  Is  strongly 
peaked  in  the  original  neutron  direct  ion.  For  the  purposes  of  this  paper 
it  will  suffice  to  determine  the  limits  of  a  cone  about  the  Incident 
direction,  within  which  the  distribution  is  considered  Isotropic  and  out¬ 
side  of  which  It  is  considered  negligible.  The  limits  of  the  scattering 
cone  esay  be  taken  at  a  half-angle  of  0  «  V/2rtR.  where  X  is  the  wave 
length  of  the  neutron  in  centimeters,  according  to  the  fomtila 


X  -  23.6  X  I0’’V(E.  In 
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R  Is  the  radius  In  centimeters  of  the  nucleus  being  considered*  and  can  be 
commuted  as 

R  -  I.4S  X  lO"’^  X 

where  A  Is  the  atomic  number  of  the  nucleus.  For  aluminum*  A  ■>  sa 
that  R  *  4.35  x  10  c». 

For  2.5  HeV  neutrons; 

X  -  28.6  X  IO“’V(2.S5*^^ 

■  18.1  x  lO"^^  cm. 

e  -  (18.1  X  10"’®)/(2x  X  4.35  X  I0“^) 

■  .662  radians*  or  38° 

The  number  of  steradlans  In  a  cone  of  38°  half-angle  Is 
1*  {I  "  cos  38°)  ■  1.33.  For  elastically  scattered  neutrons  from  a  unit 
area  of  the  door  the  hazard  will  exist  at  a  detection  point*  If  the 
scattering  unit  area  Is  within  a  38°  cone  about  the  direction  from  which 
the  neutrons  are  originally  Incident.  This  will  amount  to: 

n  «  12.95  X  10“^  X  T  X  4.3  X  lO"^ 


1.33  R 


41.9  X  10  "  T 

-  ■ 

For  14  HeV  neutrons; 

X  -  28.6  X  IO"’V(I4.0)‘^* 

«  7.64  X 

e  «  (7.64  X  I0"’^)/(2x  X  4.35  x 
-  .280  radians,  or  16° 

The  number  of  steradlans  In  a  cone  of  16°  half-angle  It 
2«(1  “  cos  16®)  ■  0.243.  If  the  scattering  unit  area  Is  within  the  16° 
cone*  the  hazard  will  amount  to: 


•  '8^ 


r-7=A:i_  *  •;  r 


my 


» •• 
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0  » 
se 


4.22  X  10*^  X  T  X  7.0  X 


0.243  h 


122.0  X  T 


4)  Specific  Examples.  Examples  similar  to  those  In  Sec.  D.02 
will  be  worked  out.  Since  the  14  HeV  case  Is  more  severe  than  the  2.5  HeV 
case*  the  latter  will  not  be  specifically  examined. 

Example  3.  Consider  the  absorbed  dose  8  ft.  from  the  center 
of  the  3.5*  X  7*  X  1“  aluminum  dooft  In  the  shelter^  as  compared  to  the  dose 
that  would  occur  If  no  door  were  present.  Assume  one  fast  neutron  (14  HeV) 
per  square  centimeter  Incident  honully  upon  the  doorway. 


The  dose  level  without  the  door  Is,  as  previously  Indicated, 
e  7.0  X  10“®  rads,  or  700  x  lO”^*  rads. 

The  decrease  In  dose  when  the  door  Is  present  Is: 


-  "  ^9*6  X  10"’*  X  2.54  -  177  x  10 


,-n 


Inc. 


rads* 


The  additional  dose  due  to  Inelastically  scattered  neutrons  and 
gamma  rays  from  Inelastic  collisions  Is: 


0  .  -h  0^  - 

s<  s 


0.92  X  (1.46  4-  1.60)  X  10“^*  X  2.54^  x  42  x  84 


(8  X  30.48)^ 


-  0^92  h  2,06  X  10“^’  X  16.36  x  3528 


243.84* 


«  2.73  X  10'**  rads. 


At  8*  from  the  center  of  the  door,  the  number  of  square  centi¬ 
meters  of  the  door  included  In  a  cone  of  half-angle  16®  Is  readily  computed 
to  13,310  square  centimeters.  Then  the  additional  dose  due  to  elastically 
scattered  neutrons  Is: 


*11 


se 


122.0  X  10  '  X  2.54  x  13.31G 

«  nil . .  —.■■■■■■■■  .iw  ■■■■■I. . . . I,  i,i>  , 


(8  X  30. 


11 


122.0  X  10  "  X  33.800 

M  unmm,  .Mwiii.  m  § 


243.84* 


69,4  X  10*^*  rads. 


I 

I 


t, 

if 


t  .• 
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Thus,  the  dose  level  with  the  door  present  would  be 
(7u0  -  i77  -h  3  +  69)  X  10”**  rads,  or  595  rads.  This  represents  a  reduction 
of  about  14%. 

ExaiBpie  4.  Repeat  Exaople.  3»  with  the  distance  f  rou  the  center 
of  the  door  0.8*. 


The  orisinal  doso  level  without  the  door  is  the  same,  700  x  10 


rads. 


The  reduction  in  dose  is  the  same,  177  rads. 

The  additional  dose  due  to  ineiasticaily  scattered  neutrons  and 
saqma  rays  from  inelastic  scattering  is: 


»sl  ^  “a 


0.19  X  (1.46  1.60)  X  10***  X  2.54-^  x  42  x  84 

(0.8  X  30.48)^ 


■  56.4  X  10***  rads. 

At  0.8'  from  the  center  of  the  door,  the  number  of  square  centl- 
Mters  of  the  door  included  in  a  cone  of  half-angle  16®  is  readily  computed 
to  be  153.7  square  centimeters.  Then  the  additional  dose  due  to  elastically 
scattered  neutrons  is: 


0  «  122  X  iO  "  X  2.54  x  153.7 

(0.8  X  30.48)* 

«•  80.1  X  lO"**  rads. 

Thus,  the  dose  level  with  the  door  present  would  be 
(700  -  177  +  56  +  80)  X  10"**,  or  659  x  10“**  rads.  This  represents  a 
decrease  of  6%. 

it  is  to  be  noted  that  all  reductions  and  increases  are  propor¬ 
tional  to  door  thickness,  within  the  limits  of  the  assumptions  stated. 

Thus,  precise  answers  will  depend  on  door  thickness,  but  the  general  trend* 
win  not  be  changed. 

0.04  MEUTROHS  WITH  SLANT  INCIDENCE 

When  the  cose  represented  by  Fig.  0.03  is  considered,  the  problem 
becomes  more  complex,  and  meaningful  quantitative  results  are  still  taore 
difficult  to  come  by.  The  analysis  must  therefore  be  a  little  ««ore  approximate 


than,  previously;  and  results  given  should  not  be  considered  exacti  even, 
though  given  to  three  or  more  significant  figures. 

For  the  situation  shown)  there  is  little  likelihood  that  the 
beam  in  the  direction  of  the  strongest  component  of  the  radiation  will 
enter  the  sheiter,  since  the  radiation  will  be  Incident  at  such  an  acute 
angle  to  the  plane  of  the  door  that  the  thickness  of  the  wall  between  the 
shelter  and  Its  entranceway  will  probably  cut  it  off.  Under  such  «  clr^ 
cumstance,  It  is  clear  that  the  door  will  be*  from  the  radiation  point 
of  view,  a  hazard  rather  than  a  help,  since  it  will  tend  to  become  a 
source  of  gamma  ray«  and  tnelasticai ly  scattered  neutrons  and  will  direct 
radiation  Into  the  shelter  while  In  itself  having  negligible  shielding 
characteristics. 

Thu  extent  of  this  hazard  can  be  computed  by  comparison  with 
previous  results  for  the  normal  Incidence  case.  If  one  assumes  a  flux 
of  I  neutron  per  square  centimeter  measured  In  o  plane  perpendicular  to, 
the  direction  of  the  ftux.  then  the  door  will  be  struck  by  A  cos  0  neutrons 

Tha  thickness  of  the  door  in  the  direction  of  the  slant  flux 
will  be  T/co$  d.  In  the  development  of  the  formulas  for  neutron  Inelastic 
scattering  and  gamma  contrlb.it Ions,  these  two  terms  miltiply,  so  that  the 
dependence  on  angle  vanishes  (within  the  limitations  of  approximation 
inherent  In  the  formulas).  Thus  the  formulas  turn  out  to  be  the  same  as 
those  derived  In  the  preceding  sections  for  inelastic  scattering  and  gamma 
ray  contributions,  and  these  fortnolas  may  be  used  for  total  flux  for  all 
Incidence  directions  which  are  sufficiently  acute  that  predominately 
forward  (elastic)  scattering  Is  excluded. 

However,  It  must  he  pointed  out  that  any  material  used  in  the 
door  of  this  order  of  magnitude  of  thickness  Is  going  to  present  this 
same  "In-scattering**  effect.  It  Is  therfore  a  little  unfair  to  mitigate 
against  the  use  of  aluminum  for  Such  a  reason.  It  Mtuld  be  better  to 
compare  the  aluminum  door  with  doors  of  other  materials  providing  the  same 
strength,  so  as  to  see  whether  there  is  any  substantit'l  difference  from 
the  radiation  point  of  view  and  the  amount  of  f.hls  difference. 

It  is  appropriate  therefore  to  compare  t*'  effects  of  an  aluminum 
door  of  one  Inch  thickness  with  that  of  a  steel  door  of  equivalent  strength 
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Since  the  yleH  strengths  are  approximately  the  same  for  the  tw  materials 
(see  Sec.  7.05)  the  steel  door  thlcicness  may  also  bo  considered  to  be  one 
Inch. 

The  nuclear  characteristics  of  Iron  which  are  needed  for  computa¬ 
tion  are  as  follows  (Refs.  0.01,  0.02,  O.TT). 

For  thermal  neutrons; 

0^  «  H  barns 

a  -  2.53  barns 

n,y 

The  product  of  gaima  energy  emitted  per  neutron  absorbed  times 

2 

the  average  mass  energy  absorption  coefficient  Is  about  10  HeV  x  0,0l6  cm/g, 
or  16  x  10"^. 

The  decay  gamma  emission  Is  small  by  comparison. 

For  14  HeV  neutrons; 

<'lnel.  • 

The  average  energy  of  residual  neutrons  after  Inelastic  scattering 
Is  0.7S  MeV. 

The  energy  emitted  In  the  form  of  gamma  rays  per  neutron  absorbed 
Is  therefore  14-0,75  HeV,  or  13,25  KeV. 

The  average  photon  energy  Is  several  MeV,  so  that  the  average  mass 
energy  absorption  coefficient  for  gaiwna  rays  from  Inelastic  scattering  can 
be  taken  to  be  0.020  cm”'. 

The  angle  for  effective  elastic  scattering  Is  coinputed  to  be  12.6°, 
and  may  therefore  clastIcaPv  scattered  neutrons  may  be  considered  to  be 
blocked  out  In  the  fashion  the  undcflecced  neutrons  are. 

The  formulas  for  the  steel  door  are  the  same  as  those  for  the 
aluminum  '^r,  and  therefore  there  Is  no  need  to  propound  them  In  detail. 

The  results  of  scattering  and  gamma  emission  from  a  3.5'  x  7*  x  1" 
steel  door  are  given  In  Table  0.02,  showing  a  comparison  with  similar  results 
for  the  aluminum  door.  These  results  indicate  a  much  greater  hazard  from 
thermal  neutrons  for  the  steel  door  than  from  the  aluminum  door;  the  hazards 
from  high  energy  neutrons  are  rathe/  comparable  for  the  aluolnua  and  the 
steel  doors,  although  the  aluminum  door  still  appears  less  hazardous. 


0,05  <^<6MuS  ION  'V 

^^^t"'tv3’5“’G'cen  5h6Wrt  Itmt- for  neutrons  normolly  Incident  on  a 

sIieEtcr  doorway,  the  presence  of 'an  aluminum  blast  door  of  reasonable 
thickness  will  not  greatly  vary  the  hazard  inside  the  shelter  fron  that 
wbich  %®uld  result  if  no  door  ahn**!  were  present. 

(iooe  A  w ’»i?Tieh  the  neutrors  are  incident  at  such  an  angle 
that  the  direct  beam  would  not  penetrate  appreciably  Into  the  shelter,  the 
presence  of  an  aluminum  door  would  indeed  create  a  greater  radiation  field 
within  the  shelter.  However,  thealurlouns  door  would  cieate  no  greater 
hazard  than  a  steel  door  of  comparable  strength;  on  the  contrary  the 
foanner  would  probably  create  less  hazard. 


\ 


V  ■' 
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TABLE  0.01 


<•) 

(2) 

(3) 

Energy 

Band 

f«aV) 

Average 

Energy 

(H=V) 

IntensitVi 

photons/ 

ncutrc-n 

>  7 

7.7 

.35 

5-7 

6.0 

.19 

3-5 

4.0 

.71 

1-3 

2.S 

.38  . 

<  1 

.97 

.10 

Instantaneous  ganma  total 
Decay  gamna  l.80  1.00 

Total  ga«nna 


(4) 

(5) 

(6J 

Col.  (2) 

Col.  (4) 

X 

Bi  en-tlss. 

X 

Col.  0) 

Col.  (5) 

2.965 

.0165 

4.44  X  lO 

1.140 

.0178 

2.03 

2.840 

.0203 

5.76 

.950 

.0241 

2.29 

.097 

.0310 

.30 

7.722 

14.82  X  10* 

.0267 

4.80  X  lO' 

19.62  a  10* 


'kThls  Is  the  mass  energy  absorption  coefficient  for  tissuct  as  given 
In  Ref.  0.06, 


Neut  ron 
Energy 


Basts  for 
Hazartt 


Value  of  dose  8*  from  center  of  door 


1"  atumtnuM 


I"  stec! 


Thermal 


Scattered 
Capture  gam. 


2.4  X  to  rads  ,  26.6  x  lo”*^  rads 


2.9  X  to’**  rads  39.4  x  lO"’^  rads 


Total 


S,3  X  to  rads  66,0  x  10*^^  rads 


14-HeV 

Inelas.  scatt. 

1.63 

X 

10’^' 

rads 

3.33  X 

10-' » 

rads 

Gamma  from  Inel. 

1.78 

X 

rads 

3.07  X 

I0-" 

rads 

Total 

3.41 

X 

10“’^ 

rads 

6.40  X 

10“" 

rads 

Mote:  Since  the  ROE  for  alt  radiations  Is  taken  as  unity*  the  rads  are 

equivalent  to  rems,  and  may  be  considered  as  comparable  to  biological 
doses. 
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